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fore, no place more proper than in the 
preſent work, to return you my ſincere 
thanks in this public manner, 


A 2 AND, 


Doi car tio nu. 


Ax p, as many of the improvements 
in this impreſſion, are owing to your 
communications; ſo I beg you will ae- 
cept of this ſmall oftering, and grant it 
your protection; this I hope for, be- 
cauſe that candour and. benevolence, 
which you. ſo frequently, and on ſo ma- 
ny occaſions, exert to promote whatever 
appears dehign'd for public, or for pri- 
vate uſe, is no leſs conſpicuous, than is 
your eminent knowledge in every branch 
of ſpeculative, and practical mathematics. 


I am, 
S1 R, 
Your moſt obliged, 
And moſt bumble Servant, 


John Robertſon, 


PE RF AGE. 


WP ENSURATION, if confidered in 
WW its utmoſt extent, would include all 


TEIS /icks ;- and as theſe depend on the- 
principles delivered in the ſpeculative 
parts, therefore a Treatiſe of Menſuration 
would mot be an improper title to a ſyſtem 
or courſe of mathematical ſciences, for when 
theſe are applied to practical uſes, there ſeem 10 
be few things befide the meaſuring of lengths,. ſu- 
perficies, ſolids, angles, forces, motion, duration 
and chance : But as cuſtom has reſtrain d the no- 
tion of menſuration to that of finding the lengths 
of lines, the ſuperficial and ſolid content of figures ; 
therefore the reader is do expect, in the following 
ſheets, no more than what relates to the common 
acceptation of the word as now explain d. 


About ten years ago, the author being deſirous 
of putting together a few papers ow Menſura- 
tion for the uſe of bis pupils; o that purpoſe. 

be 
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be peruſed the ſeveral treatiſes on that bead; 
and conceiving them to be defective, either in 
matter or method, this induced bim then to com- 
poſe, what he thought, a new ſyſtem, diſpoſed in 

a quite different order from any of thoſe that were 
done before; which being approv'd of by ſeveral 
| good judges, be publiſhed it; and the impreſſion 
| being ſometime fence ſold off, be reviſed the whale, 

mal fo fo many alterations and adaitions thereto, 3 

that he was in doubt whether to. call it a ſecond i 
edition, or a new work. | 


1 - This book is divided into three parts, and is 
preceded by an introduction containing the datirine 
; of decimal fractions, and of duodecimal arith- 
: melic; theſe are not bere prefix*d meer) for 
their uſe in computing the ſuperficies and ſolidi- 
ties of figures, for many other parts of the ma- 
| thematics baue . the fame claim; but becauſe 
| : berein are ſeveral articles not very common, and 
1 which the young ſtudent might, perhaps, find 
| 


quite neceſſary in reading the other parts <4 
this treatiſe. 


1 The firſt part contains the manner of comput- 
ö ing the areas of * lined and circular plane 


figures. 


T be ſecond part contains rules for meaſurins 1 
the contents of ſolids comprehended under right } 
lined and circular figures, | 
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e third part ſhews how the ſuperficial con- 
tents of thoſe figures commonly call'd conic ſettions 
are to be computed, and alſo, the ſurfaces and con- 


tents of ſeveral" ſolids generated by the motion of 
ſuch figures about certain right lines: To hier 
added, many things relating to tbe fubjest of 
Menſuration, the particulars” of whith, arte 


enumerated in the contents. 


The whole ts illuſtrated with a great variety 
of, what is apprehended to be, uſeful examples's 
which are ſo contrived as to ſerve for exerciſes 
to ſeveral of the preteding propofitions, and 
adapted to fuch nſes as often ocrur in the com- 
mon affairs of life: Tn thoſe which relate to ar- 
tificers works concern'd in building, the opera- 
tions are generally perform*d, both decimally and 
duodecimally : Aſo, the cuſtoms and allowances 
in the works of ſuch artificers, are inſerted im 
their preper places. 


The reader will here find; not only what 1s to" 
be met with in other books on the ſame ſubjett, 
and what are diſperſed in miſcellaneous works, 
but many things, perhaps, entirely new ; and 
others (not very common, ) are ſo diſpoſed as to be 
much more practicable and uſeful, than they ap- 
pear*d to be, in the form originally given them. 


As this book is chiefly intended for ſuch per- 
ſons as are employ'd in practical buſineſs, tbere- 
fore 


mentary, books. , Geometry: Nevertheleſs, 2204 


yii The PRETA Cr. 


fore the demonſirations of the rules are omitted; © 
referring more inquiſitive readers to the ele. | 


learner will bere meet with-an- ealy-introdu 
40 ſeveral parts of the mathematics; and 40 


who have made farther advances, will, at 
leaſt, find in this, a common-place-book for many 
rules, which may not be of. ſufficient importance 
to burthen their 5 Wc with. 


* 


Upon the Abel, be 4 r no 
pains to mate it generally uſeful, and therefore, 
if any overſight has | eſcaped him, either in the 
preſs or otherwiſe, among ſuch a multitude of 
articles, he hopes the candid reader will gene- 
rouſly excuſe bim; bis view being never to find 
fault with others, "but of endeavouring as much 
as in him lies, to promote theſe Studies, ſo highly 
beneficial to mankind. 


October 29. 1747. 


| CONTENTS, 


95 INTRO DUCTION: 


. 
% 


* . * 5 * | 0 = 
. = . 9 3 . 


| Sion * 5 
I. Definitions and printiples ß * 


n. Rr DVcriox, 4 vulzar frodlims t 4 


* mals = = 22 4 
— of money, iveights, Kc. to decimats 
= = * 1 —_— — - — - — 7 
—_ * 


of decimal to their valuts 10 


II. App Ioα and ſubtraion of finite decimals 


— — 132 
of recurring decimals - - - 13 


SUBTRACTION of recurring decimals = 14 


IV. MuLT1PLICATION of finite decimals - 16 
—— of recurring by finite = = += 
— of finite by recurring - = 


- 17 
— 77 


x The Cox r ENS. 


Section 
— recurring decimals = 18 
— of decimals contrated _ — 19 


EDD oi CO eo 


V. Drvrsrom of finite decimals - 22 


 — of recurring by finite. = = = 24 
of returring decimal = < 24 


m— of decimals contratted - - - 26 


VI. To find @ vulgar fractions equivalent to a given 
Suns ot 2 a8 


vn. Of decimal tables = 33 


3 Of proportion in general © A 43 
T he rule of three - = 45 
The general rule of proportion = 50 


| 


IX. of aliquot parts, or praftice — - 6r 


- _ ww - 


X. Q poivers.und their root: - = — 7( 

cola 97 the uur Tot = "- 67 

. of the cupe e — 78 
XI. C/ characiers and their explanation _ — 79 


XI Of duedecimal arithmetic. . . >, 1» 183 


The CONTENT I. *j 
1035550 


% 


* . — 1 1 
1 2 WA.  % 


— 


Nen N Gerd 
MENSURATION, PART I. 


Soldier ut e e e hee 
J. Definitions * — - ®. A382 — 93 


II. Geometrical prablun 97 


III. Prop. x. and 2. Ta find the area. of rectiline 
| parallelagrams and triangle 98 


IV. Of artificers work ==. „ 180 


4 Meaſuring by the foot ſſuare — 102 
1 — — ard ſquare - - 106 
—— — Ten fe re. 116 


— Rod ſquare =». 122 
Practical queſtions = = = 127 


V. Prop. & 4 5. 6. 7. 8. Of -the areas of right 
| lined figures - - 132, &c. 


I. Of a circle and its parts - - 140 
I Table of circular fattors e 143 
Tables of polygonal faftors = - 144-145 
Prop. 9. 10. 11. 12. Relating to the fedes 
and areas of regular polygons, their inſcrib'd 
aud creum/crib'd tircles = = 146t0150 


VI, 


The CONTENTS. 


Page 


VI. Prop. 13. 14. 15. 16. Of the circumference, 


"or ape N. ren of à circle, &c. 
4 ” — 8 Sad 3 150 to 155 
of" 17. 18. 19. eee Hd radius, 
chora, — ver ſei ſme of artirels 155 to 158 
* 20. To * the lengis 4 a circular are 
- 158 
80 Prop. 21. 22. To find the area — 
tut and ſeg ment: 1560 t0 163 
Prop. 23. 24. Of the circular zone 164 to 169 
Prop. a5. . given cir- 
{ 1 cle - 169 
Prop. 26. Ts find the ene of compuand f. 


_ ow 8 — | = —_— 270 


dere raid ueion is 56 0% + 172 


MENSURATION, PART II. 


SeQicn. = 4 Wy | Page 
IL. Defimtions '- +, 180 


U. 07 the meaſuring of timber tren 1382 
Prop. 1. To e the 45 idity of equally round 


timber 4 - » - Ibid, 


Caſe 


” 
4 


The CONTENTS. xt 
4 Section Page 
II. Caſe 2. Of tapering timler 185 
43 Caſe 3. Of timber brunchen = 186 


1 Caſe 4. Of the bark of tinber - 187 

7 Caſe p: Of the quantity of timber in a laad 188 

= - Of the names arifing by cubing of linear 
dimenfions - «- - = - 195 


m. prop. 2. To fl the folidity of priſms - 196 
N f Prop. 3. 4 Of the ATOP of FIR _ — 
j Prop. 5: 6. 07 the farface f — js 
cone — 200.201 
F Prop. 7. 8. 07 the ſolidity of pyramidic and 
conic fruſlums - = 202 t0 205 
1 Prop. 9. Of the ſurface of conic fruſiums 206 
4 Prop. 10. To find the length of a pyramid un 
cone, the dimenſion: f a fru um theres being 


not - == 207 
Prop. 11. From 4 pyramid or cone, to cut a gi- 
x ven part of the folidity = <- - 208 


Prop. 12. To find the ſolidity of a priſmoid 209 
. l 3. 14. ＋ the obs Ug pyramids and cones + 
— - PTODO212 


IV. Of a ſphere and its parts - - = = 213 
Prop. 15. 16. 17. 18. Of the diameter, tir- © 
| cum rw, Apel, and rw of a ſphere 

a — 2130219 

| Prop. 19. 29. of the ferſace and folraity gf a* 
Jpheric fg nent — 2790 0 222 

8 9 


Prop. 


— 


|= — —² ORR — = — — —— — : 
"I N 
_- — * _ 
_ 2 * * — 2 
— — — * 
— - — —— 5 = 


=—_ —— — — GS Ss. — 
1 


vKxiv The Com.mENt s. 


Section N Page 1 % 
Ave Prop. 21. Of the . and ſalidity 0 ſobe- 3 


2 rical Zoue . „1222 10 220 


Prop. 23. 24. 25. 26. 27. * a ſpherical $ 
G ws ſpinal E — Ry — S\ - 226 to 233 11 


V. Practical gugſti ms - 233% 


-- =—_—z 


ay, ; * 
= - 


MENSURATION, PART III. 


* 
— — — — 
* 0 . 


Section . | tes, Page 4 
98 Dean, relating to conie lait «7 251 
II. of elliptic lives Apes and felids "5 254 4 


Prop. 1. De relations of the tranfuer/e acc, 


conjugate axe, aliciſi and ordinate 254 to 257 


| Prom 2. Of the periphery of un ellipſe 258 
AT 2 for fi A. the ber of an tllip/e 


— 41 259 1 
prop. 3 Of the area of an ellitfe > - 262% 


Prop. . 7.0 e — 268 
a0 Prop. 8. 9. a bernd 269.271 
Prop. 10. Of a ſegment of a 7 272 8 

* Prop. 11. 12. N Ae er of a ſphere: 4] 
3 „ 72777. 282 | 
As 1 Prop. I 3 14. 15. Of an Mette Hindle J 
xy; 8K * Goo. * 283 to 288 1 


* 
* 
+ 
7 
F 
8 


Prop. 4. 5. Of elliptic ſegments 262 to 267 


vs 


SS” Gu, Ow Fn ws wo DW TYWhw wn I i }_ 
Cy" * 0 ak 4 a 1 i 4 gs * Sa» - 22 222 


me WW, ja 
. * 
* 6 


" b 


— Prop-23--24:-Of 


IV. Of byperbilic lines, fuperficies' and falids 
Is 26; e. — 


The Conti NH vwxy 
3- * Page 


III. Of pardbolic linen, e aer eg . 


Prop. 16. 17. To find the area: of parabolas 


* a 


* fraftums. -; 289.2 


__ * Prop. 18. To find the length of a parabolic 


curve = — 290 


Prop. 19. 20. 07 "the ſold nd jape file of 


parabolic conaids - 292.293 
Prop. 21. 22. Of parabolridal fruftums 294 


paurabolicſpindles 296 


belic lines - = - 29810 301 
Prop. 27. Of the area of a\ Hperluls 301 
Prop. 28. 29. Of the folidity and; ſuperficies 

a hyperbolic count». = gaFto 305 


_ Prop. 30. Of 3 Auen — 3c6 


G 


a Of <ylindric rings. = , go8 


Prop. 31. 32. Of tbe. folidity\ and nbc: of 
cylindric rings 2 2309 


ö 1 + 15 3; 11 149 
Of Sebad -+S; ns — — = _ 


311 
Prop. 33. 24.5 Of the ſalidity ang furfaces of 
ry; 6. er, aud gothic uaults 


— 312 c0 314 

Prop. 35. 36. of the lid and ſuperficial can- 
tent of domes - - |= — 15 to 318 
Prop. 37. 38. Of the Midi: and 25 — yo ies of 
falons = + to 323 
Prop. 39. 40. of the d and ſpecial con- 
teut of grains. -  -. 323 00 328 


VII. 


xvi The CoNT EN TS. 


* I. Of regular folids, their inſcrib d and circum- 
feribing ſpheres — <= 328 
Tables for - the ready computing of things ap- 
Ni to regular folids - 330.331 


CCC 
Tables of ſpecific gravities = - 340.341 


©, Caſe 1. The ſolidity of 4 body being known, to 
find its weight - - = - 342 

Caſe 2. The weight of a body betng known, to 

is find its ſalidii = - 344 


To find the ſalidity or weight of any body howe- 

ver zrregular - = - - - 348 

To find how many chaldron of aue 4 given 

- wault or cellar will contain = - 349 

To find the number of loads of bay N it 

- round rich - - = = — 351 

To find the laads in an oblong rick. + 352 
bree copper plates - 

Pl. 1. atp. 178, Pl. 2. at p. 250, Pl. 3. at p. * 


THE 


e 
4 - _ L N * 
wax ARE. r* 


* 2 5 - i 4 «3 AS 
— 88 Ws FX . * 
. * 


1 HE 


pDOCTRINE 
: Ina 


| DECIMAL FRACTIONS. 
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SECTION L 


I. N ching, confidered as one, is call- 
= GET edanure. As one yard, one pound, 
one gallon, &c. are all units, of their 
| reſpective kinds. 

* But one yard, one pound, one 
I gallon, &c. may each be conſidered as compos'd of 
ieveral leſſer quantities; then are theſe compo- 
nent things, conſidered as parts of their reſpective 


nits, 
B Thus 


= 
— 
1 
2 
3 
J 
4 
A 
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Thus one yard may be conceived to conſiſt of 36 
inches, or of 3 feet, or of four quarters; then are 
inches, feet and quarters, taken as parts of a yard: 
Ic. 

II. A fraction is ſome part, or parts of an unit. 
Fractions ariſe from Diviſion, and are expreſſed 
by writing the Diviſor under the Remainder, with 
a Line drawn between them. 
Thus if 38 was to be divided by 6, the 2 
would be leſs than 7, and more than 63 that is; 
would be 6 3. 
III. In a fraction thus conſtituted, the number 
low the line is called the deneminator, and thews it « 
into how many parts the unit is ſuppoſed to be di- 
vided : The number above the line is called the u- 
merator, and ſhews the value of the fraction in 
parts of the denominator: Expreſſigns of this kind | { 


ate called vufrar fractions. 0 
When the denominators of vulgar fractions con- 
ſiſt of ſeveral digits, their management is attended 
with ſome trouble; to obviate which, the follow- t 
ing method will chiefly be uſed in this FTregtile. b 
IV. Fractions, whoſe denominators conſiſt of u- d 
nity with one, or more cyphers, are called deci- 
mals, or decimal fractions. | 
V. Decimal fractions are commonly wrote with- 
out their denommator; theſe being always under- 
ſtood to conſiſt of an unit, with as many cyphe:3 
Lune red to the right- hand, as the decimal fractu 1 | 2 


(er numerator) has places: and to diſtinguiſh ir c- 
: pral places from {fractional ones, the latter have a 
Point, or comma, ſet before the left-hand place, 
L mn 4% bawhilnod 2d dss Ven 3» „60 | 34 
109 $t9d1 218 not! ; 251ingup 19115] lau- 
ii een id io wwh 2 baiobtt oo lt! 1091 


7 n A 
L 4 


99 
L 88. 
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Thus 0,6 is underſtood to be : 


| And ef on I 1 8 

b And -0,753218 - » des 
; And 2 46,39 a 6 10 85 

8 c 


VI. A finite decimal, is that. which ends at a 
certain number of places; but an infinite, that which 
no where ends. 

VII. A recurring, or circulating decimal, is that 
wherein one or more figures are continually re- 
peated. 

Thus 42, 387666, Sc. is call'd a ſingle circulate 
or recurring decimal. 

And 285, 264264264, 65e. is call'd a compound 
recurring decimal. 

VIII. The firſt place next the mark of diſtinc- 
tion in any decimal expreſſion, is called the place 
of primes; and the following places are called ſe- 
conds, thirds, fourths, &c. 

IX. Cyphers to the right-hand. of decimals, nej- 
ther increaſe nor decreaſe their value ; but cyphers 
between the ſeparating point and the digits of the 
decimal, diminiſh the value. 

Thus o, 5, is . 

But o, os, is 8. 

And o, oog. is rege fe, 7 
The like is to be underſtood in other decimals. 
X. In any mixed or fractional number, if the 
mark of diſtinction be removed one, two, three, 
Sc. places to the right-hand, then every place in 
that number will de 10, 100, 1000, Sc. times 
greater than it was before. But if the mark be re- 
moved towards the leſt- hand, then every place 
ill be diminiſhed in the ſame manner. : 


0 * b 


N N RN 
B 2 - Thus 
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Thus And 
357,984 357,948 
3579,84 | 35,7948 
3579844 3.57948 
Sc. increaſing Sc. decreafing 
Note, A number conſiſting of integral and fraQi- 


- onal places, is called a mixed number. al 

XI. Every finite decimal may be confidered 2 
infinite, by making cyphers to recur, For they do 
not alter the value of the decimal. 

XII. Any decimal expreſſion may be continued 
at pleaſure, by repeating the circulating figure or . 
figures. 

XIII. In all operations, if the reſult confiſts of 
. feveral nines, reject them, and make the next ſu- 

perieur place an unit more; thus for 7, 23999, C. 
write 7,24. 

XIV. In all circulating numbers, daſh the firſt 
and laſt of the recurring digits, omitting the inter- 
- mediate places; thus, 4,283 or „esel, Sc. 


228 8 


= A * l 8 m K 
— — — — — — — 


SECTION I. 
R E DU CTI O VN 


Rithe methods uſed to bring any vulgar frac- 
tion, or an expreſſion of different 'denomina- 
tions to its equivalent decimal value: Or any deci- 
mal eien, to its value in different denomt- 
nations. 

i (53-4 : Wl A 8 E L 

3 FI 23. .13i6 © 
To reduce a _ fradtim, to its equivalent di. 
timal one. 


&, 2 


RULE 
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RULE. 


Divide the numerator (with as many cyphers an- 
nexed, as may be neceſſary,) by the denominator ; 
Wand the quotient will be the decimal ſought. 

Note, For every cypher uſed with the numera- 
For, there muſt be a cypher, or digit, in the deci- 
mal expreſſion found in the quotient ; and the com- 
ma, or mark of diſtinction, muſt be ſet on the left- 
band thereof. 


EXAMPLES... 


I. + is equal to 25 
II. - - » ©.,5 

: auL$ '- fy 

. IV. 4 + = - - 0,625 
V. iT „ e o, 583. 


From the laſt example, it will be eaſy to con- 
ceive how circulates are generated; and aſſo, to ſee 
that 3 would continually repeat, 


What is the decimal fraction equal to 3; ? 
56)9,00000000(0, 1607 1428, Ce. 
342 


* —— 
h BL. 
l 80 
240 
"160 
. EN. 
32 
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VII. Mat is the decimal fraction equal to 17; ? 


286) 17,0000099 (0,0g94407, &c. 


VUL. bat is the decimal fraction equal to 15 ' 
2495) 217,00 (0,08697 394, OL 
174 


' "2 


IX. What is the decimal fraction equal ta $445 ? 
9765)83,000(0,00849713z, &c. 
48560 e 
94880 | 
69680 
13040 
32720 
34160 
4856 


y 
CA 
* 2 
In 8 
- 
od 
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In Example VII. may be ſeen the generation ß 
2 compound recurring decimal: For after 7 cyphers 
are uſed, the remainder 170, with anather cypher 
annexed, is equal to the number began with; con- 
ſequently the ſame figures, | viz. 594405, will re- 


# peat in the quotient; and after them, the ſame a- 


gain, &c. and this is diſtinguiſhed by daſhing the 
firſt and laſt figure. "uy 

And the like in the qth example above. 

There is ſeldom a neceſſity of obtaining more 
than 6 places in the decimal or quotient, theſe being. 
ſufficiently exact for moſt uſes. 1 

It may be obſerved, in each of the three laſt 
Examples, that one or more of the firſt places of 
the quotient, are poſſeſſed by cyphers; and this is, 
becauſe two or more cyphers are uſed ig the divi- 
dend before a digit ariſes on the quotient. 


CASE ll. 


To reduce the different denominations of Mone, 
Weights, Meaſures, &c. to their equivalent decimal 


values. 
90 RULE. 


Write the given denominations, or parts, order- 
ly under each other; the inferior or leaſt parts, be- 
ing uppermoſt: Let theſe be dividends. 

Againſt each part, on the left-hand, write the 
number thereof, contained in one of its next ſupe- 
rior : Let theſe be diviſors. | | 

Then, beginning with the upper one, write the 
quotient of each diviſion, as decimal parts, on the 
right-hand of the dividend next below it; and let 
this mixed number be divided by its diviſor, &c. 

And the laſt quotient will be the decimal ſought. 


B 4 E K. 
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EXAMPLES, | 
I. Reduce 10 8. Bd. 10 its - What decimal part of c 


equivalent decimal of a pound troy, is equivalent 
pound ſterling, to 10 oz, 18 awts, 16 
12 


8 gs. 6 
20110,8 4'1 
3 245 6104 
Therefore o, 5 l. is eu 20 18, 6 
to 10s. 8d. 12 11/4 
| 0,97 15 trop, 
II. What decimal of 11. it VI. hat decimal part of 
equivalent to 138. 10 d.? 4 C. wt. 4 3 o 
442 3 grs. 1 12 0%, a- 
1 , to, 5 verdupciſe. 
20113,875 | 4'12 
1, 69375 l. | 162 3. 
28) 71 (4, 1875 | 
14 3,5598214, &r. 
0,8995530. . 


III. Nat deimal ef 11. ih VII. What decimal part of | 
equal to 158. 9 4 d.? 8 @ foot, is equal to 10 1. 


43 9 pts. 7 ſec. 
T- 9,75 217 .. | 
20 15,8125 | 12] 9,587 
| 0,7906251. 12[10,7986x 
. |.0,899884F. 

TV. What decimal of 11. is; VIII. What decimal part of 
equal to 198. 11 Ad.: a degree of a circle, is e- 
411 I. qual 10-48 min. 37 foe. 
1271,25 ' £4 thirds, | 7 
20119,9375 65054 

[. 0,9968751. 5037, _ 
60148,6316 
o, 8 105 27 deg. 
Note, 


ä 
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Note, For ſterling money, the decimal may be 
wrote ia one line, by the following, 


RULE. 


Write half of the greateſt even number, in the 
given ſhillings, for the place of primes. 
Let the farthings, in the given pence and far- 
things, poſſeſs the places of the ſeconds and thirds, 
Obſerving, if the given ſhillings are odd, to increaſe 
the place of ſeconds by 5. 

And to increaſe the thirds by as many units as 
there are times 24 in the pence and farthings. 

Divide half. the number of farthings, in the pence 
and farthings (rejecting 24, or ſixpence, if there is 
one), by 12, the quotient written after the three 
places before found, will give the decimal required. 


EXAMPLES. 


I. TOs. 8 d. is equal to o, 5 U. 
II. 135. 10 4 ͥ. fe. en o, 69375 J. 


III. 155. 9 44. T 0, 790625 /. 
IV. 195. 11434. T 0, 996875 J. 
V. 15. 1034.— 0,092708z/. 
VI. os. 834 — 0,048; l. 
VII. 05.244 ——— 0,0104164, 
VIII. 05s. 03 4 — 0,003125l. 


One of theſe examples explained, will mike the 
rule familiar. 

In the V. viz. 15.-10 74. half of 15. is o, 
write © in the place of primes: 10 f d. is 41 far- 
things; and 1 added (for the 24 contained in 41, 
makes 42; and 5,0 added (for the odd fhilliag, ) 
makes 92; therefore the three firſt places of the de- 
cimal, are 0,092; now 24 taken from: 41, leaves 


Bg 173 


io The INTRODUCTION. 
17; its half is 8,5; which divided by 12, Heer | 


780z; theſe wrote, as they ariſe, after the former | 
three places, make 0,092780z- for the decimal re- b | 


quired, 


CASE III. 


III. A decimal fraction being given; te find its 
equivalent value, in inferior denominations. f 


RULE. 


Multiply the given decimal, by the number of | 
parts in the next leſſer denomination ; from the pro- 
product, cut off as many places to the right-hand, 


as there are jn the given decimal. 


Multiply theſe by the parts in the next leſſer deno- | 
mination, and from this product cut off, as before. 

And thus proceed until the leaſt- denomination | 
is arrived at, then the ſeveral parts cut off on the 
left-hand, are equivalent to the given decimal. 


EXAMPLES. 


I. What is the value of 


0,72896 1, ? 


0,72896 
1 
1457920 
a oh 
6, 95040 
FP 4 
380100 


Anſwer, 145,645 d. 


II. What is the value of 
0,92384 J.“ 


0,92384 
20 


18,47680 
I2 


| 5,72160 


4 


2, 88640 


Anſwer, 185. 5 1 d. 
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III. Dat is the value of} IV. What is the value of 
0,798045 of C. wt. a- 0, 87628 of a IB troy 28 
verdupoiſe? 

0,798645 0, 87628 

Artern. 12 Ounces, 

3, 194580 10, 5 1536 R. 

3 28 Pounds, 20 Pennyweights. 

15560640 10, 307 20 
389 160 434 Grains, 
55448240 122880 
16 Ounces, 61440 
7,171840 7,37280. «2466 
Anſwer 3 rs. 5 BB. 7 o. Anſw. Toox. 10divt. 7gr. * 


But the value of the decimal part of a pound” 
ſterling may be expreſſed in one line; thus. 

Double the place of primes for ſhillings, and if 
the ſecond place be 5, or exceed 5, reckon one 
ſhilling more: the figures in the ſecond and third 
places [rejecting 5 in the ſecond place] are fo ma- 
ny farthings, abating one for every 24. | 


EXAMPLES. 


I. The value of 0,927 63/. is 185 6:4. | 
II. - 0,87638L. is 17. 600. 


HI. - - - 0,09937%. is 15, 114d. = 
IV. - 04,0428 J. is 1014. 
V. 0,009 Lis 244. 


B 6 SE C. 
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S Be rloN I. 


ADDITION and SUBSTR ACTION. 


CASE I. 
To add or ſubſtrat finite Decimals. 


RULE. 


D, or ſubſtract, as in whole numbers, and 

from the ſum, or difference, cut off as ma- 
ny decimal places as are the greateſt number of de- 
cimals in any of the given expreſſions: but obſerve, 
that the ſeparating commas in each expreſſion, be 
placed directly underneath each other; for then u- 
nits, &c. (if any) will fall under units, &c, and 
primes, ſeconds, thirds, &c. under primes, ſeconds, 
thirds, Sc. 


EXAMPLES in ADDITION. 


347256 3468,0497 3 8267 
561739 24.3075 2905 
0,1725 148,952 453, 20853 

43» + 37,284695 70,98 124 


36,5 52128 0,27 3810 
432,545809g 3683,778925 88577315537 
EXAMPLES in SUBSTRACTION. 


From 384,76215 Minuend. From 426,8 
Take 86,2095. Subtrahend. Take 379,604832 
298,55 265 Differ. or Rem, 47,195168 
| CASE 


d * a 37 " wy. Ip n =; * —— — — — 
** * 8 or — , 2 N = 0 "yp +. 8 - > a. ä — 4 - 


4a *««s = .- << as 
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CASE II. | 
To add decimals, wherein there are fongle 1 rerur- 
ring figures. 
RULE. 


Make every line end at the ſame place, by filling 
up the. vacancies with the recurring: digits, and an- 
nexing a cypher or cyphers, to the finite terms: 
then add as before ; only increaſe the ſum of the 
right hand row, with as. many-units as it contains 


nines, and the figure in the ſum under that place 
will be a circulate. 


EXAMPLES. 


3439,6548 5391357 217,8496 876,29x 
281,044 72,3F 42,176 558784285 
7042,35 18, 552 03588 
24812225 58,30048 628,45938 _ 
In each of theſe examples there are fingle recur- 
ring hgures, which — they are added, muſt be 


made to end together, and then they will Rand as 
follows: 


8435.654856 5391.47 217,84 
28 1,04666 72,3888 42,176666 
7042436555 1887, 71 om; 
— 983772 42967 58. 30048 
72282405 2 — 3 
876, 29333333 
5587642895 
5035 88666 
628,459 34888 


1510,66501778 


— 
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Here it may be obſerved, that in each example 
the circulates are carried one place farther than the 
finite expreſſions, and to the ſum of that row, 
there are as many units added, as there were nines Þ 

in the ſum, wore) = 


CASE u. 


To find the di ions between two decimal fracti- 
ons with ſingle circulates. . 


R UL E. 


Make both end together as in addition: and if the 
right-hand figure of the ſubtrahend (being a circu- 
late) be bigger than the figure over it in the minu- 
end, inſtead of borrowing 10, as in ſubſtraction of 
whole numbers or finites ; borrow 9 in this place, 
the reſt as uſual, and the right-hand place of the 
remainder will be a Circulate, | 


From 476, 31 289,576 325,791$ 643,9207 
Take 84,7697 , 92,5840 37095 58376 


Theſe examples being "PR to end together, as 
before directed, will ſtand thus: 


476,3122 289,768 325,90 16 643, 92070 
64,7007 92,5846 37,0959 583,7 gh 


39145524 196,9913 288,6964 60, 154 


8 EC- 


* 
a 
1 
4 
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SECTION W. . 


MULTIPLICATION: 


CASE I. 
When both fattors are finite decimals.” 


RULE. 


LACE the factors, and multiply them as in 
whole numbers; and from the product, to- 
wards the right- band, cut off as many places for 
decimals, as there are fractional parts in both fac- 
tors together. 
But if it ſo happen, that there are not ſo many 
places in the product, ſupply the defect with cy- 
phers to the left-hand. 


3684, 7928 52365 50347 
4 84,216 32435 „0236 
221087508 113825 202 
36847928 7090 U (T1041 
73695856 9460 694 
1473917 12 47.30 ,00081892 
2947 $3424 05758775 Nn 
310318, 5 104448 


In the firſt example, there being four ke 
places in the multiplicand, and three in the multi- 
plier, which together are ſeven ; therefore cut off 
ſeven figures from the right-hand of the product for 
decimals ; thoſe to the left-hand being integers. 


In 
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In each of the ſecond and third examples, the 
decimal places in both factors are eight, but there 
in the ſecond example, only ſeven figures in 
act, and in the third, only five; therefore 
ecohd example, annex one cypher, and in 


the third; three-cyphers, to ſupply the defect. 4 
CASE I. ' 

If the right-hand figure of the multiplicand be a 
circulate. ö ; 


RULE; 


Multiply the multiplicand as before, by every: fi- 
gure in the multiplier ; obſerving to increaſe the 
right-hand figure of each reſulting line, by as many 
units as there are nines in the firſt product of that 
line; and the right-hand figure of each line will be 
a\ciculate; therefore in the adding the ſeveral lines 
together, make them end at the ſame place, as 
ſhewn in addition. 


EXAMPLES, 


| Firft. 821,7 345 Second, 37 90,273 | 
58 — | 2: 
6822382 22777046 
151880233 
2742.887272 
Third, 8946, 83708 
1 48,5 
62627859 
44734185323 
715740905733 
35787 34826666 . 
4345478703289 


CASE 
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CASE III. 
When the multiplier is a ſingle circulate, 
RULE, | 


Multiply by it, as tho? it was a finite digit, ſet- 
ting the product one place forwarder than ordinary, 
towards the left hand; divide the reſult by nine, 
continuing the quotient (if needful) till it arrives at 
a Circulate ; then beginning at the place under the 
= right-hand figure of the multiphcand, cut off for 
1 * as before, and this will be the true” Pro- 
„ ue. 1 


E 14 M F — E 8. 
Firſt. 438,6297/ — 5820, 39462 
| 37 


9)26317782 994074270234 

292,4198s 46525973590 

C _ 1740119350 

2198.818242 
Third. 47,53 2,847 
2,845 — 

9) 23815 853g 
26407 T 17073 
19052 199788 

38144 11387222 
9526 135 5330X 
13545330X | 


a” bh 88 * = 4 % * 4 L 73 
186 The INTRODUCTION. 
This third Example is rough by Caſe II. and 
IE. and the reſults are exa&ly the ſame. 


In this gaſe, if chere are any other ſigures in the | 
multiplier, ®beſide the circulate, multiply by them 
like finite digits. $ 

CASE IV. q 

Mien Phe miuhip ieaiid and milz ple. re 6 rat 4 3 

-- 2 en oe a 22 
10“ R L 1 a —_ 


th whitptpile the miltiflicind by each Wurd 8 
in the muitiplier, obſerve the directions given in 
Caſe II. but the firſt line (or that line produced by 9 
multiplying the multiplicand, by the circulate in 
multiplier) muſt be managed as directed in Caſe III. 


EXAMPLES. 


7 | * 
463.9708 | 86235794 | 
8, 642 1 30;16 I 
- 919279408 _ 9)$17414753 | 
*\., JO3IO045432, . 57490528148 | 
- 855881777, &c. 86235797 N 
27838226666, c. 43117896 a 
371170355555» . 25870737666  _ | 
4009,7 3568343, Ec. 23288589 17 
0,5392765 
vort 935²7 
9) 37749358 £5001 
41943732098, ue q 
16178296 1 
269638277 2 
46534599 
4471 514,349994705432098 , 
7 
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By dividing by nine in each of thefe examples 
there reſults a compound circulate; now having fi- 
niſhed the multiplication, make all the lines end to- 
gether, but no farther than the firſt figure of the 


compound circulate; then having added the ſeveral 
lines together as before directed, daſh the right- 
hand figure of the product, for the firſt figure of a 


compound circulate; the reſt of which ſet orderly 
after, as they OA in the Wet compoung ci. 
culate. 


CASE V. 


Two decimal factors being given, to reſerve in 
their product any number of places. 


RULE. 


Under that lads in the multiplicand, thought © 
neceſſary to be retained in the product, write the 


— 


units place of the multiplier, and invert the order 
of all its other places; that is, write the decimals 
on the left, and the integers (if any) on the right, * 


In multiplying, omit thoſe places in the multi- 
plicand, to the right of the digit multiplying” by, 


and let the right-hand place of every line, ſtand un- 


der each other. 

In each line, let the loweſt place be increaſed by 
the carriage, which would ariſe from the — 8 
places; that is, carrying 1 from 5 to 15; 2 from” 


15 to 253 3 from 25 to 35, Cc. inſtead of carry- 
ing 1 tor every 10, &c. ; and the Sum of tbeſe 


lines will give che product generally exact. 


This Rule is of uſe, to contract the work that 
would ariſe in multiplying with many decimal pla- | 


ces, by omitting the ſuperfluous ones, 


E 2; 
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EXAM PLES. 


Multiply: 384,672158 by 36,8345. 

Now ſeeing there would be 10 decimal places in 
the product, whereof the greateſt Part are unne- 
ceſſary; therefore keep only four decimal places in 
the product. ; 


384,672158 Muliplicand. 

438,03 Multiplier inverted. 36,8345 
115401647. 19241360790 
23080329 1538688632 
3977777 11540110474 
I15402....' 307737 204 

15387 i 23080329148 
„. 18401647 


14169,2966|0385 10 


24169,2065...... 


— may be eaſily ſeen. what is ſaved by the laſt 
ule. 


In this. Example, | becauſe it is intended to keep 


place of the multiplier under 1, the 4th place in de- 


cimals of the multiplicand, and invert the order of 
all the reſt of the figures: Then ſay three times 8 
is 24, and carty 2; 3 times 5 is 15, and 2 is 17, 


now ſet down the 7 and catry 1, Cc. becauſe this 


is the product ariſing by multiplying ” 5. that 


ſtands over the 3. | 
Again, 6 times 8 is 48, and carry 5; 6 times 5 
is. 30, and 5, is 35, and carry 3; 6 times 1 is 6, 


and 3 is 9. Now being come to the figure over 


the 6, ſet down 9, Cc. 
1 "ih 3 . 


384,672158 


Here the Example is wrought both ways, by | 


4 decimal places in the product, ſet 6, the unit's. 


** ISS. . n 
) __— b 8 . - 5 _— ” is 1 — 1 0 * ata > _ * 
"EY nh iy ns a. - k CES e : K » P — RE. n *. Nd . WIS 
4 — - . — 5 — — « — Ig — — — 4 — 
KA * 3 dh * i W - . _ X 
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Again, 8 times 5 is 40, and carry 43 8 times x 
is 8, and 4 is 12, and carry 1; 8 times 2 is 16, 
and 1 is 17; now being come to the figure over 
the 8, ſet down 7, and carry 1, c. - Proceeding 
in like manner with every figure in the inverted 
multiplier, till all is done. 

Multiply 3,141592 by 52,7438, and reſerve 4 
decimal places in the product. 


147593 
8342 


1570796 
62832 . 


21991 
1257 

94 
_ 
1655 6995 


Multiply 257,356: by /56448,-and. to have the 
product only.in whole numbere. 


"vl 
2579350 | 2574350, 
84,67 25 76,48 
18015 "330 2 

1544 1029424 

103 | 1544/1736 
20 18014 92 _ 
19682 19682, 58688 


SEG 
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Ec... T” T0 IN v. 
e 

* CAS E I. 

In ben the diviſor and dividend are finite decimals. 
RULE. | 


IVIDE as in integers, and from the right- 
D hand of the quotient, point off for decimals, 
ſo many places, as the-decimal places uſed in the 
dividend, exceed thoſe of the diviſor; and thoſe to 
the left, if any, are integers. 

If the places in the quotient, are not as many as 
this Rule requires, ſupply the defect with cyphers, 
on the left-hand. 

But if the decimal places i in the. diviſor, be more 
than thoſe in the dividend, add cyphers as decimals 
to the diyidend, till the number of decimal places 
in the diyiderid, is, at leaſt, equal to thoſe in the 
diviſor, and the quotient will be integers until all 
theſes cyphers are uſed. 


43) 3424;6056 (78,546 | 
3726 
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0, 675) 3877 875, ooo (5745000 
5028 
3037 
n 


— — 


8, 347) „0081892 (% |, 2 
| 1249 
2082 


If theſe 28 be * with the forego- 
ing Rul-, it will be very eaſy to fee how they are 
performed, Na the quotient-rightly adjuſted. 

Or, the place of the firſt digit in the quotient, 
will always be equal to that place of the dividend, 
under which, falls the uniis of the diviſor, when 
multiplied by that quotient digit. 

Thus? Ex: I the diviſor 43. „multiplied by 
7, the firſt digit in the quotient; the place of units 
in the product, will fal-under the place of tens in 
the dividend ; therefote the place of the firſt digit, 
7, in the quotient, will be that of tens. 

In Ex. II. che place of units in the diviſor, falls 
under the place of millions in the dividend ; there- 
fore 5, the fiſt or | i the gugyient, will be in the 
place of million, 

In Ex. HI. the TIM of units in the dividor, falls 
under that ot ſeconds in the dividend; therefore 2, 
the firſt digit in the quotient, will poſleſs the place 
of ſeconds; and conſequently a cypher will de in 
the Lr of 1 


* 7 
9 4 * "x | 2 
T7 g : F 344 


- * 
. o 1 * «2 17 , * , * © * 77 
. | " - 8 0 F ; - Ld - © - a s . K* E 
© on * * * = 4 © ® - 1 Y 4 . 1 
| CI 4904 ——XT \s + EEE » + 3 4 (16990 
oy 
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CASE H. 
If the dividend be a circulate. 
RULE: 


To the remainders, bring down the recurring fi- 
gure, until the quotient is as exact as required, 


4.72) 8,33 (1765536, &c. 
3013 
3093 
1 
2533 
1733 
317, &c. 


S 4 d £ 
: 1 


LOT 5428300, 26827 (5016147, &. 
7 789 0 3 | 7 N 
| W 

257147 

.400157 

20176, Ce. 


CAS E III. 
If the divifar be à recurring decimal 
RULE 


Write the diviſor and dividend in the order of 
diviſion ; and under theſe, write them a ſecond 


"time; but cach remov'd as many places to the 
right, 
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right, as are the number of circulating places in the 
E diviſor ; then ſubſtracting the lower line from the up- 
per one, let the remainder be the diviſor and divi- 
dend; and the quotient Of theſe will be the true 


one. 


EXAMPLES. 
Ar. 8946,83708) 43454748 6328 148,57 
| 894,68370 434547870328 

8052,15330) 392093088695 2 

| 0900695429 _ 
4539727415 

"$636507 352 

- 0009000000 
It will be eaſy to fee how this example is per- 
formed, by obſerving the rule; and by comparing 
it with Example III to Cafe I. in multiplication 
may be ſeen how theſe two rules prove each other. 


Second. 748,64) 47,404957 (, 0634 
4 74,86 2882 
67378) 423717052 
| 229085 
260512 
| 0 
Third. 2,845) 135953387 (47,03 
284 13288338 
2,561) 12198043 
19540 
16134 


26 mme 


dung g ph 30316253,5981 ſee Ex. 7. 16. 
86235,79 3032625, 35981 þ 
© 770122,13  27293028,238z3 (35, 16, er. 6 
„ 422996433. 
1 129383588 
wo Bal © $17414753 
27 eonon, 22837414755 Oc. 


— - . — — 


Fijth, 16347) STEW (108,44 
2254 82223704 
08,83) 7464,3879 
— 388 
38242. 
32189 
227 


C As E IV. 


To contrad? the work of aivi un, when the diviſir 
conſiſts of many decimal plates. -- © 


RULE. 


. 
X #- a a. 
o 


Let each remainder be a new diyidend, and for 
each ſuch new dividend, point off one figure from 
the right-hand of the diviſor; obſerving at each 
multiplication to have regard to the increaſe of the 
figures ſo cut off, as in contracted multiplication. | 


= | , 
* 1 
* 
2 *. 
Y — of 4 [1 
* 
* 
- * 
q 
1 


 { 
x = 
E570 


The ghee ape: 6. 


384,672158) eee 
— 
rH 
230803295 , 
— 
232100893. 
377 1561 
1327121 3\ 
1154016. 
173198 


nn 

| » 19236 ©. * 2 * 8 
222 „„ | * 

3 


Sb) 87,076 # 
2 326 
+ 7 8268863 b ess, 
12 2 2787863 „ 
914582. eus 70 a I 
2 3 842886 "th Ines 
; — — 
71996 1997 er 
5558... 5 1 
5738 * + » o 1230 fy 
1 8519 , 0981 
EN & 0115 19 7 
9. 885 2 „ # Ss © tt Ar IT a 


15 = = 7 FT ELD, volt 


”L AT 


te 30 


28 The INTRODUCTION. 


— 


— 


'SECT:ION VI. I 
A decimal fraction being given, to find its leaf 
equivalent vulgar one. 


CASE I. 
If the detimal be finite. 


RULE. 
NDER the given decimal, write its propet 
denominator; then the terms of this fraction, 
divided by their greateſt common meaſure, will 
give the leaſt equivalent vulgar fraction required, 
Note, The greateſt common meaſure of two gi- 
ven numbers, is found by dividing the greater by 
the leſſer, the leſſer by the remainder, &c. always 
dividing the laſt diviſor by the laſt remainder, until 
nothing remains; and the laſt diviſor is the greateſt } 
common meaſure. 


EXAMPLES... 
I. Required the leaſt vulgar fraction equivalent to 
the decimal o, 5 i 
2 421 
Then 0,52 = 
I. What is the leaſt vulgar fraction to 0,75 ? 


Now 0,5 = 5 = 3. 
18 4 
III. What is the leaſt vulgar fraction to 0,6? 
* 30 6 | 
_——— — ——  — —— —————O p 
> For the explanation of the Sigue, ſee Sect. XI. 


W 


£ 
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w. What is the leaſt yulgar fraQion to o, 255 


For-625)1000(1 _ 
375)025(T 
250)375(1__ 
125)250(2 
1's? 


v. What is the leaſt vulgar fraction to 0,5625 ? 


5625 9 
Now: 0502S = 100% 18 


For 5625)10000(1 _ 
4375)5025(7 
12500437503 


6250125003 
Q 


62 
And 625 75055 179 
CAS E II. 
If the given decimal be a recurring one. 


RULE. 


— 


Make the given decimal, the numerator of a 
Pulgar fraction, whoſe denominator ſhall canfiſt of 
many nines, as there are recurring, places in the 
ven decimal; the terms of this fraction, divided 


| ; yy their greateſt common meaſure, will give the 
Peaſt equivalent vulgar * required, =» 
| 3 


* 
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If one or more of the left-hand places in ate | 
ven decimal be cyphers, annex as many cyphers to 
* the right-hand of the nines in the denominator, 


EXAMPLES. 


I. Required the leaſt equivalent vulgar fraQion, 4 
to o, 3: 4 
Now OF = 3 = if 
II. What þ the leaſt vulgar fraftion to 0,757? q 
Now. o, 257 = 297, 


1 
99 F 
III. What! is the leaſt vulgar fraction to A , il 


Now 0,0 AS .7 
a $9440 ** 9999990 286 * 1 
For the greateſt common meaſure to 224422. 
; | 9999990 % 
is 34965. l | 
And 34965 $94495_(17_ 
TY ' 9999909 NN 
(See Exam. VII. P „G e ba 
CASE 18. 
Men part of the: given decimal is finite, and par! 
circulates. 
RU L E. 


I. To the right-hand of as many nines, as there are 
recurring places, annex as many cyphers as there 
are fmite places; and let this be the denominator. 

2. Multiply the nines in the denominator, by the 

finite part; to the product, add the recurring 4 

part, and make this the numerator, 


9 = * N L 

. iy 

P : 

_ 7 
1 

N 1 
1 * 
on 
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Z. The terms of this vulgar fraction divided vi 
their greateſt common meaſure, will give the: 

= leaſt equivalent fraction required. 

1 Note, The firſt and ſecond Caſes, are included 


EXAMPLES. 


1. Required the leaſt een vulgar baden to 
W the decimal o, 57 | 
Now o, 53 = 5 
For 90 is the denominator, 
And 9 x 5 + 3 = 48 is the numerator. 


| a II. What is the leaſt vulgar fraction to o, 583 4 


1 4 B39 
Now 0,583 = 22 999 — _ 
4 3s IR | 
For 0,583 = _— = And 58 9 ＋3 525. 


And the greateſt common meaſure is 5. 
Then 7 5 )35(- 3 25 


6 III. What is the leaſt ih "fragt ion to o,008{97 I 33 A 


5 » 849712 8 
Now 0,0084975133 = 297325 — £3, 
if * 999999005 9763 

For o, Rn AD 497133 
"OOO 197137 = 1000 1860 f 999900900 


And 8 x 999999 + 497133 = 8497125. 
And the greateſt common meafure is 102375. 


Then 102375 — of 8 
See Example 56. 5 a 


* 


— 22724 
9 - 
0 b 


C4 The 
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Tue three Caſes may be ſolved by the foltow 
8 | 

RULE. 


— IO 
* — — hrond 


1. Under the given decimal ſet its proper deno- 
minator, l 
2. Write this vulgar fraction under itsſelf; but re- 
mov*d as many places forward to the right-hand, | 
as there are recurring places. | 
3. Subtract the under numerator from the upper , 
one, and the under denominator from the upper 
one; then will the remainders conſtitute a vulgar 3 
fraction equivalent to the given decimal. 7 
Reduce this to its leaſt terms as before. 


EXAMPLES, 
I, To 6nd a vulgar fraction to 0,582. 


Remains — = 0,587 j as before, 


IL Required the vulgar fraction to 0,008497122. 
From 008497133 | 
I000000000 


o08 


Take _ 


W 22 0 


o, oo8 597 13 as defore. 


999999000 


Sc HO. 


W 
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SC HO LIUM. 


WW The truth of theſe Rules, and indeed of all the 
Aules concerning recurring decimals, may be eaſt» 
hy examined, if it be confidered, that every Circus 
= lating or recurring decimal, is a geometrical ſeries 
WF infinitely decreaſing to 0. 

A el 3 3 

Thus q, &. = 10 + Too © 1000). 
And 


2; 8k _257 R 
4 a er d 1000 1000000 + 1000000009, 
= &: 


And the ſum of ſuch a decreaſing ſeries, is equal 
to the ſquare of the firſt term, divided by the ditfe- 
rence between the firſt and ſecond terms. 


lect. AA EE 


_ 


SECTION VII. 
Of TABLES. 


N decimal computations, tis of uſe to have Ta- 

bles of the decimal values of the parts of coin, 
weight, meaſures and time; therefore the follow- 
ing Tables, and the manner of conſtructing them, 
ere here introduced. | | 


—B 


ConsTRUcTION of TABLE L. 
I. The ſhillings 19, 18, 17; 16, Ec, are ſepa 
ntely divided by 20, and the ſeveral guotignts are 
dhe decimalz of their reſpeRivg ſhillings. 


5 I. 


* 
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II. The decimals of 11, 10, 9, Cc. ſhillings, 
are divided by 125 and the quotients are the deci- M 
mals of the pence 11, 10, 9, Cc. 'k 

III. The decimals of 3, 2, 1, pence, are divi- W 
ded by 4, and the quotients are the decimals of the 
er . 2, 4. 9 


Consraverion of Tanru I. 


7 The ounces . IT, 10, 9. 8, e. are divided 9 
by 12, the ounces in a troy pound, and the quoti- 
ents, are the decimals of thoſe ounces. il 

II. The decimal of one ounce, is divided by 20, 
(the | penny weights in one ounce) and the quote is 
the decimal of 1 penny weight; which multiplied 
by the other penny weights, gives their reſpeCtive | 
A And from theſe are the decimals at | 
grains, conſtructed in the ſame manner, | 


— 2 — — 


Consrxuerion Fa Taps II. 


I. Becauſe 20 hundred is one ton, 1 the 5 
decimals of the ſhillings will ferve for the hundred 


weights, ſuppoſing 1 ton the i . 2 
II. The decimal of 1 une 0; (i e. 1 hundred if 

weight) is divided by 4 (the quarters in one hun- 
dred weight) and the quote, is the deeimal of 1 
quarter, from whence the decimals of the other 


quarters are obtained as are alſo the decimals of 
pounds. | 


ack 


 Hoxpaep Wzrgur the INTEGER, 


oh Fig decimals of the quarters are „25, 5 55 A 
75] and dividing the decimal of 1 quarter by 28, 
{the Pounds in a * Hives the decimal of 1 ö 
— pound; 'F 
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pound; from whence the decimals of the other 

unds are obtained; as are alſo the. decimals af. 
ounces; and from them the decimals of drams. 


Onz Pound the INTEGER... 


þ One ounce is divided by 16, (the ounces in r: 
pound) and it gives the decimal of 1 ounce; from 
W whence the decimals of the other ounces are obs, 
= tained ; as are alſo the decimals of drams. 1 
= After the ſame manner are the other Tables of 
meaſures and time conſtructed; having always a 
due regard how many of a leffer denomination are 
contained in a ſuperior one. 
= As theſe Tables are only carried to fix places (ex- 

cepting in ſome particulars) whenever the ſeventh: 
figure would have been more than a 5, the fixth 
place has been increaſed with unity ; otherwiſe, the: 
ſixth place is given as it ariſes in the work. 

The uſe of theſe Tables are obvious; but to- 


prevent all doubts obſerve the following, 
EXAMPLES. 


ö J. bat is the decimal value of 7 ox. 16 diut. 18 gr.. 
In TABTIE II. 


againſt 7 02. is 25533333) | "> 
againſt 16 dt. is „0866666 * 
| againſt 18 grs, is ,003125g DE 

WT Theſe added, their ſum is 0,05 3125, the decimal! © 
required. 


4 — 


- 
XY 


— WE F * 


36 The INTRODUCTION. 


I. bat is the decimal value of 46 gallons and 5 
pints ? 


In TanLs IV. 


S9 ˙ 


againſt 40 gallons is , 634920 
againſt 6 gallons is ,095238 
againſt 5 pints is ,00992T F 
Theſe added, their Sum is 0,740079, the decimal 4 
required. A 
After the ſame manner, are decimals of other de- 


N. B. If the. number of parts wanted are nov 
found in the Tables, take it out at 
twice; thus: For 17 dit. add 10 and 7 
together ; and the like for any other. 


g 
| 


TTT f. 


. j 
denn, 1 i tbe W . Bey Weight. 
L I i che Integer. 
2 er. S. "Da. ; Ouna-1 now” | 
191,95 19] ,45 11 016 
18 : 5 4 20: L853 
I7 „8. »35 5787 
15 85 48 3 = SY 
51,758] 5] „25 / 58 
14157 | +] 2 |} 58 34 
13 „653 „15 5 „4 
12 „6 2 ,1 | 8 lf +0 5.5 
11 „55 | 1 „os I . 
10 | ,5 2 . 
ence, | Decrmals. _ 7 
Ii ,04587 . Dwors. Puimab, 
10 ,0416. | | 10 o4lf... 
8 283758 4 | Z Pe 
„ AS _ „%% 
7 0 291g 4 502919. ] 
6 ML | 2025...» | 
5 | 02087. 5 02087 + | 
4. 5016 5 0 4 olg: «+» | 
3 0225 .. + 3 1750125. 
DM 2 FN f 
1 1.288418. | I 0041] 
Farthings. Decrmals, & 10 [,001730 |. 
3 4.003128 9 ,001563 | 
8 „002083 001389 
{+90 1041 7 „001215 
5 The following Ta- [ 001042 F 
ble nee will / 3 |,ooo868} 
' for Inches and any thin 4 „00694 
where 1215 the Integer. 3 000521 
| | X 2 |,000347 | 
SW" BID ez. 


TTT. «S 
a. I Ton the Inte. | ; 
Zu Decimab.. | | Drams. | Deamoels.. 
5 20375 >» 10 „039062 
2 „0 25 9 035156 
. „0125 „ „5031250 
Pounds, | Dethmals. 7 .| 1927344 
20 |-,008928 | 6 | 4023437 
id 210 „004464 5 019531 
4 29 „4018 4 5015625 
A [ Vt; 5003571 3 1501 174 
5 7 5003125 2 | 97nl 
4 6 „002678 1 2003920 
1 5 5002232 1 Cwt. the Integer. 
'q 4 [001785 _ Pounds. | Decimal. 4 
'þ 3 [,001339. 20 „78571 1 
i . „000892 10 „08928 5 I 
5 1 004 9 08035 9 
F j | 1 Pound the Integer. | 507142 3 
1 Ounces. Decimall. 7 | 0625 q 
b 1 | © [,053571 1 
1 9 „6625 5 [044042 |' 
. ... 4 2 3 
W: 7 [4375 ++ F - | +020 ö 
. , 6 „375 ien 4 
. 5 3125 I | 008928 | | 
fl a Ounces, T Decimal. 4 
1 „a 9 „005022 | 
1 L LDT 8 004464 i 
J 57-15 | 7. | 003906 4 
5003348 p 
3 4 002790 8 
n ; , 4 »0022J2 | 9 
f | 3 50016744 
My . 001116 | il 
1 [,ooog58 1 1 


+ 


N 
. 
15 
1 
1 
9 
= 
. 3 
* 
: 
þ 
» 


7 Fn * — ——_ . * ”- — _— — ng : 5 8 8 8 + 4 — 83 POE — 1 1 F . * 
D re A Ot Se BEN — IS 2 "5 CY TRY CLERIC DTIC r * ** <A 

A F 4 N - 4 K T4. - - Ls 1 = 1 2 P 0 a * * 1 1 N : _ by * 

Fr” © IS TRE 1 . vets | . Fg 3 + bs vets 1 wa ; 2 ah Bn LE WE - * * — . a6. ab __ ** * 3 4, 4.5 
wr... 7 ” a Sz at „ I» * 5 2 - = + hs | ail. * r 2 1 1 4 0 Co. bat. . * ” Vs "SP 9 5 * 

Si a4 8 A lh OS % * 0 — — — AAS Coufal — "2c - = . - — ui — ene en - - — — 


—  » 
5 


#4 *% M - 
a ga=S - 5 FY 
_ i, % 
1 FO] = = 
4 DR" of 
7 


TABLE II TABLE: 
' © Avoirdupoiſe: | fi Liquid 9 
1 Ctot. the Iateger ff I Tun the Integer. 
Dyer Decimals. | \. Piat. | Decimats. | 
10 ,000449 |} Þ 1 | hon | 
| ,000314 |; 1: 6 -þ,002970 | 
$ ] ,000279: 8 14 ,002480 | 
7 | 000244 | 4 001984 | 
6 „ ,000209 ; (344001488 > 
5 |, ,000174 2 ©4-000992 | 
4 „000130 n 2000490 |; 
3 | ,000104 © d the. Intege. | 
2 ooo Tallons. | Decimals. | 
— 000034, 60 052381 
ABE | 50 1793051 
| Liquid Meaſure. | | 40 # 034921 . 
| I Fun the Integer. | 1 30 | 476190 | 
{ Gallons, | Deamals. || | 20 2317460 | 
200 |,793651 | 10 „158730 
100 396825 q 7142857 
90 357130 [ 126984 
80 »313.460 | 7 [$0 
70 af». [| 6 „095238 
; bo. | ,238095 5 1079365 
50 ,198412 4 5063492 
40 „158730 3 047619 
30 17904 2 |,031746 | 
20 [,079365 || [21823 
10 „039682 Pint, 4 Deci mals. 
| 2 5035714 | 501388 
8 031746 / 2 — N 
| 7 „027 22 5 009921 
- 6....4,023809. | 4 „0% 
5 019841 | 3 »005952 
4 | 015873 | 2 | ,003968 
3. | 011904 I 5001984 
2 J ,007936 a 
F.-Y ,003968 t 


tardi. 


AL 6 
(rn rw wh 
Mile the Integer. | 


10 


w W149) Þ 1 OI OO 


4 


„568182 
5511364 
454545 
397727 
340909 
528409 1 
227272 
5170454 
5113636 
„056818 
5051136 
[945454 
039773 
03409 1 
„028409 
„022727 
5011364 
oo5682 
5005114 
004545 
5003977 
9003409 
„002841 
902273 
5001704 


| 


5001130 
,000568 


ecimats. 


: 
: 


— 


— 2 — — 


— 
- 


Long Meafure. 
1 Mile the Integer. 
"Feet. | Deamais, 
| 2 ,0003787 
1 1,0001894 
Inches. Decimais. 
9 50001421 
6 | ,0000947 
3 „0000474 
| I „0000158 
I Tard the Integer. 
2 1 . 
I 8 
» Inches. | Decimal. 
| 11 „30 
. 
1249... 
: —=_— 
A © © 6 
B87 RAE 
- by 4 © IP 
4 Ef 1 9 „% „ „ * 
3 J„%08 
. 
. 
Drs. Tach, | Decimal. | 
3. „o 
| 2 [0138 -. 
1 50069 


© ge ow 


ye way 


ae OS ed EE EE Rene ds ES 
> r * P 


77 — 


8 — 
Tae a od ˙ iT2—T—Ü!— 


* 
2 
of 
hs 
* 
"© 
"I 
* 
w 
. 
"= 


Time. 

I Near the Integer. 
Days. Decimal. 
300 821918 
200 5547945 
100 5273973 
O 5240575 | 
o 1219178 

70 1348. 
60 51 6438 2 
50 513698 
40 3709599 
30 5082192 
20 | 5054794 
10 15027397 
g [292405 

8 [,02191 
7 272125 
6 19012 9438 
5 [013698 
4 

3 

2 

I 


„ 


1 Nar the Integer; 


| Hours, 

20 

10 
9 
8 
5 

4 
3 

2 
I 


| 


_ 


| Decimals, 


„002282 
„001141 
500 1027 
5000913 
„000799 
„00685 


5000571 


,000456 


»000342 
,000228 
000114 


iamic, 


Deci mals. 
560 1 


50000761 
,0000570Et 


| 


| 


„ Cm aw. — — 


| TABLE VI. TABLE III 
1 Time. Various Meaſures. 

L Day the Integer. iſt, Cloth Meaſures. 
Hours. Decrmals. 1 Yard the Integer. | 
, 0 91 +») D Deci mals. 

8 9 8 1 5 1 
| . ' = if * 1 21 9 „25 
B35 1 1 3 | I Nat. Deamals. 
s 2087 .. . 
«ifs... Nb 
8 : 20035 
; > 1.08 Meaſure. 
„8 2 
g "Decimats. | 10 Gal. Integr. 
50 | ,03477 | [CIT 47 £4. 
40 „%%% inis. Decim bel. 
30 , o2083 7 7s 2 
20 0138. # 9 þ7®- 6 
10 0099 . || | es 5 
1 [rooms || [4 55: [4 
-18..],007.,. || | 3-þ375 |-3 
15817 „48614 24. LS 

K 6 00418 "= 7 L A 118 

5 0034/7 Dum Pert, 

Nie. 1+ 3 „935 3 

3 -|,o0208z | 2 4,0625 2 

| 2 „00133. 1 ſ»@3125] 1 

1 „000697 | Decimal. Drs, Pecks. 

7 Seconds, Deaimak. | | 5923437 | 3 

4 „0005208 „015625 2 

30 , 0003472] 207812 I 

N 15—- 00017 36] — nl Pini 
„005859 

| | [],o003906 : 

,001953 I i 
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E 1 10 0 VII. | 
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Of Comp a or PROPORTION: > SRP 
| 0-768 e 1 B OP „ bs dhl 19 


AE comparing of things,” Ok. a like ting 
to one another, may be be conſidered two 


way 3 
2 By how much one thing exceeds, or is 


greater than another, and this is called difference, 


> 


4A 2. r 2 

is a &' <A TS ST 5 * * e 4 

Lo w_— nl 4 | he * * — 

"x 4 * 3 * * 22 hs 23 3 2 « : - 2 * r 
8 : SI. - «< > a7 0 J E - Fo ISS * 1 
- _—_ * 2 2 8 2 r 2 W 9 
* . " a i» Fo 2 4 ry . 
A — K i - ey 


3 F 


£ * * ©. 3a 4 2 * > uf you 
U 
FI 4 0 2 


4 * Ly 
2 — = CY 1 
„„ 


Secondly,, What part or parts one thing is of ange, 
ther, and; this is called ratio. Abd tyo, or more 
ratio's make a propor Hon, Viz. 

When one number is to be divided by another, 
then the ratio of the diviſor to the LT Is i 
ſame as the ratio of unity to the 2 the Gun | 


SS 23 


tain'd in the PT As poly Is cont hae” 
quotient. v 

Therefore the ratio of one LIPS! to 48 r is © 
nothing more, than how often that, number does. 
contain, or is contain'd in, the other; or it is meas, 
ſured by the quotient ariſing from the diyali ON of 
one number by the other. 

II. There cannot be leſs than two numbers or 
terms in any ratio; the firſt of which, or the ter 
by which the compariſon is made, is called the an- 
zecedent and the ſecond, or the term to which che 
firſt is compared, is called the conſequent, . 

II. When two ratios (7, e. , Quotients)' are cdl. 

die 


N 
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the numbers, or terms, to which theſe ratios be- 
long, are faid to be geometrically proportional. | 
Thus, the ratio of 3 to 12, is the ſame as the 
ratio of 4 to 16; therefore the numbers 3, 12, 4, 
16, are ſaid to be proportionals. | 
IV. When of ſeveral terms, or numbers, the 
quotient of the ſirſt and fecond is the ſame with 
that of the ad and 3d, and the ſame with that of the 1 
tbird. and fourth, c. thoſe numbers are ſaid to bu 
in continued geometric proportion: Thus, 4, 12, 36, M8 7: 
08, Sc. are numbers in continued geometric pro- FF 7: 
portion, for the quotient of any two adjacent terms . 
i 3. n 
V. If there are three terms in geometrical pro- f 
portion, the firſt term multiplied by the third, gives ! 
4 2 equal to the ſecond term multiplied by it 
— 92 
Hence the ſecond term is called @ mean praporti: ! 
onal between the exireams : viz. between the firſt and © 
third terms. = TFT 
VI. If there are four terms in geometrical pro- 
portion, the product of the two extream terms is ! 
equal to the product of the two mean terms. 4 
Hence the ſecond and third terms ate called mann 
propor tionals between the firſt and fourth terms. 1 
Now it is evident, that if the product of the ſe- 
cond and third terms be divided by the firſt term, 


the quotient will be the fourth term. 1 
And hence ariſes the method of operating the Þ 
wle of three. 3H - 


VIE. The rule of three,. is fo called, becauſe 
three numbers or terms are given to find a fourth 
proportional: thus, if the numbers 3, 12, and 18, 
were given to find a fourth proportional. 2 

Multiply the ſecond term by the third, or (which 
is all one) the third by the ſecond,. viz. 18 by og 

e 


* 
1 
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the Product will be 216 ; this 216 divided by the 
firſt term 3, gives 72 in the quotient, for the fourth 
term. | 
Now by comparing of the terms together, it 
will be found, that the ſecond term 12, as often 
contains the firſt term 3; as the fourth term 92, 
contains the third term 18: alſo that the third term 
18, as often contains. the firſt term 3, as the fourth 
© term 72 contains the ſecond term 12; that is, the 
ratio or proportion of 3 to 12, is the ſame as the 
ratio of 18 to 72. Allo the ratio of 3to 18, is the 
ſame as the ratio of 12 to 72; and the like in other 
numbers. | 
VII. The rule of three being moſtly concerned 
in ſinding a fourth number proportional to three 
numbers or terms. given, differing in ſignification 
and denomination, the greateſt difficulty lies in ſta- 
ting the terms; that is, in placing them in proper 
order to be multiplied and divided according to the 
ſoregoing directions; to do this proceed as follows. 
Place that for the ſecond, which has the ſame 
name with the fourth, or term ſought. | 
| Then conſider, from the nature ef the queſtion, 
whether that fourth term ſhould be lefs, or greater 
| than the ſecond, 


If the ſecond ſhould be F lefs + than the 4th, 
| greater 

let the 1 _ of the remaining two terms be 
placed firſt ; and the other, for the third term; then 
te three given terms are truly ſtated, 

I any, or all, of the terms be of different 
& denominations, reduce the leſſer ones to the decimal 
part or parts of the greater, as ſhewn in Sect. II. 
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to the decimal part or parts of one and the ſame 6 de- 
homination. * 

+ *Mauttlply the ſecond and third terms together, by 
the rules in " Sec. IV. divide the product by the 
term, adjuſt the quotient By the rules given in Sect, 
V. and this will be the fourth term, or the num- 
ber ſought, and ls to be valued by the rules given 
05 en. . mn 


8 


urs TTON I. T — 


per will 326 4 is of hac come 16,5 at 3% 
64, for 11 tb? 

Here the quality of the fourth term is money, 
viz. the worth of 326 7 Ib of tobacco; and among 
the three terms giveti, one is money, 023 3% bg, 
the. worth of 1-: Ib. 

"Now it is eaſy to ſee, that 326 15 will come to 
more than 13 5 therefore the fourth term will be 
greater than the ſecond ; ; and the terms ſtated, will 
Rand thus: if 1 © I coſt 35. 64, what wlll 326 15 
come to; and the terms reduced into decimal will 


ſtand thus: e 941 2 42 
ö KA 111193 0 el'7 1! er Fi x 
Es 5a6 wy 
8175 | 
163125 \ 
NI ee ng (354025 - 
3 (38,0625 % 
241 N 120 flo 4 
4 (11 : — 1111 aer Are ee 1 : 957 
93. ”1 14 11 
i 3. 1 
: / ” 11 "e's 75 a 98 


"Here the third term being mutated by N 
copd, and the product being divided by e firſt 


1 | 
PER”, 
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term, gives 38,0625 . in the quotient ; which being 
valued as directed in Set. II. gives 38//. 15. 34. 
the money that 326 4 Ib of tobacco will come to, 
at the rate of 35. b d. for 1 4 Ibn „ f 3nd 7 


QUESTION H. 


What is the worth-of 19 cz. 3 dwts. 5 grs, of 
gold, at 2 J. 19 5. W ounce. 4 


If 1 0%, — 21. 195, 40. — 19 c. 3dwts. 5 grs; 


2 112388 
4480 (125. 
20 3.208 _ FA 
| o, 160418 : 


Or thus in Deci mali: 


If 1 . — 2,96 |, -—— 10, 160416 .. 
294 
9) 114929 
1277361 
1724437590 _ 
3832083333 
56,8425094 


Becauſe the firſt term here is- unity or 1, which 
neither multiplies nor divides, therefore the anſwer 
is produced by multiplying the ſecond and third 
terms together; and the product being valued, as 
ſhewn in SeR, II. gives 56.1, 165, 10 3d. the value 
of the gold, as fought after | 


* 


N urs. 


— 
. 


* 
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QUESTION i. 


What is the worth of 827 + zards of painting at 
40 4 d. yard. 
If x yd, —0,043757. — 827, 758 o qa. 
57.349,0 | 
33 1100 
2 483 2 
579 4 
wn $1 +5 Anſw. 361. 
36,214 0? 45.344. 


Now becau.fe there would be 7 decimal places in 
The anſwer, whereof 4 are more than ſufficient, 
therefore to get 4 decimals in the product, the place 
of © units is put under the fourth decimal in the 
multiplicand, and the order of the reſt inverted as 


directed in Sect. IV. 
QUESTION Iv. 


Lent my friend 34d. for 4 of a year, how much 
ought he to lend me 47; of a year, to requite my 
kindneſs ? 


0,75 J. — 344. — 0,625 5. 
234 
2500 
1875 : 
75) 21,25 (28,333 Anſwer. 
5 281, 65. 84. 


aus 


The INTRODUCTION. 49 
QUESTION V. 
If 4 of a yard of cloth, that is 2 J yards broad, 


make a garment; how much of another ſort, that 
is but 4 of a yard wide, will make the ſame gar- 


ment ? 
»75 
0,8 y. b,—0,75 y. I — 2,25 5. b. 
I125 
I575 


8) 1,0875 (2,1093, &c, 
Anſwer, 2 yards and 1 nail, 


QUESTION. VI 


If when the buſhel of wheat coſt 45. 9d. the 
penny loaf weigh'd 10 + ounces; what ſhould it 
weigh, when the buſhel of wheat is ſold for 8s. 10d. 


$3 ox. | 
0,4416 — 10, — 02375 
10,6 


, 441602, 53 
441) 525 
o, 3075) 2, 2800(5, 72, Sc. Ounces 
2925 
143 | 
The foregoing method includes both the direct 


and inyerſe rules of three; But the following 
D rule, 
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rule, comprehends all caſes that come under the 
rules of three, whether direct or inverſe, whether K 
ſingle or double, or any how compounded; and is 

of ſuch general uſe, as to extend to all arithmetical b 
operations, where proportions are concerned: It 
was reduced to this form about forty years ago, by 
HWilliam Jones, Eſq; F. R. S. and has ever ſince 
deen commonly known, and made uſe of by ma- 
themat:cians. 


The Rur of PRoPOR TION. 


1. Set down the terms expreſſing the condition of the 
queſtion, in one line. 

2. Under each conditional term, ſet its correſponding 
ene, in another line. 

3. Multiply the producing terms of one line, and the 
produced term of the other line, continually ; and 
take the reſult for a dividend. 

4. Multiply the remaining terms continually, and let 
the product be a diviſor. 

g. The guctient of this diviſion, Twill be the term re- 
quired, | A | 


By producing terms, here, is meant, whatever 
neceſſarily and jointly produce any effect; as, the 
cauſe and the time; length, breadth and depth; 
buyer and his money; ſeller and his goods; things 
carried and their diſtance ; exchanger and the things 
exchanged, &c. all neceſſarily inteparable in pro- 
ducing their ſeveral effects. - 

In a queſtion where a term is only underſtood, 
and not expreſled, that term may ever be expreſſed 


by unity. 


; 


A 
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S A term expreſſed by a number having different 
names, muſt be reduced fo as to have the ſame name. 
A quotient is repreſented by the dividend put a+ 
bove a line, and the diviſor put below it. | 


For 


Now O. = (252% = 1492 19 4+ 


EXAMPLES. 


I. If r50 C. ſerve 4 perſons for 16 weeks: What 
ſum will ſerve 13 perſons for 49 weeks? 


&- 5 
150--- 4---16 
. 


& <& 


4 X 16 
I50 


7800 L. | 
95550(1492,96875 
315 
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II. If 40 acres of graſs be mowed by eight men in 
ſeven days: How many acres can be mowed Yo 
twenty-four men in ES days? 


A. NMI 
40 8 2— 
. 


Now Q. = 9 "Ie 480 acres 


UI. If the carriage of 10 15 for 200 miles, coſt | 
6 ſwillings: How many Ib will be carried 750 mile 
$or 20 ſhillings ? 


i. M. 8. 
126 — 200 6 


2 


7126 X 200 XK 20 
Now * ( 7 * 112 ib, 


* ; 
IV. If 14 horſes in 16 days eat 56 buſhels 4 ! 


oats: How many buſhels will 20 horſes eat in 24 


days! 
| . B. 
14 --- 16 --- 56 
29 - -- 24 --- Q. 


Now Q. = (= 3 5 120 buſhels 


14 X Ib 


V. Ho! 
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v. How many yards of bays of 3 quarters wide, 
Lein ſuffice to line 1000 Soldiers coats, each con- 


1 taining 21 yards of cloth, of 5 quarters wide? 


yds long qrs wi. coat 
2.5 3e 1 
Q. - 31000 


Now Q. = ( 2 Con og =) 4166, yds. 


VI. What is the intereſt of 542 (. 105. for 219 
days, at the rate of 5 L. cent. N annum! 


1 L. prin. Days . int. 
I00 --- 365 — 5 
e 


— [54245 X 219 & 5. 
Now Q. = ( 160 6 16.5764 


VII. A ſootman can run 240 miles in 4 days, 
of 12 hours long: How many days of 16 hours 
long, will he be in running 720 miles? 


Lk 8 % 


Footm. Da. Ho. miles 
I--- 4---12--- 240 
1-->Q---16---720 


Now Q. = (4 X 16 <=) 9 davs. 
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VIII. If 12 meaſures of wine, at 20 d. each 
ſerve 8 men for 3 days: How many meaſures 1 
x6 4. each, will ſerve 24 men for 2 days? 


Mea. Pence M. Da. 
12 ---20--- 8--- 3 
N 


. 89 


— 


HN 20 K 24 XK 2 | 
Now Q. = ( . =) 30 meal 


IX. If a garriſon of 3600 men have bread for 2; 
days, at 24 0z, each a day: How much a day may 
be allowed to 4800 men, each for 45 days, tha 
the ſame quantity of bread may ſerve ? 


Men OZ. da. Bread, 
3600 = - -:24 --- 35 —1 
4800 - -- Q,---45 ---1 


| — {360022435 _ 
Now Q. = ( Tooth =) 14 oz. day. 


X. If when the tun of wine is worth 20 //; 20 
worth will ſerve a ſhip's company of 336 men 
for 4 days, at a pint to each a day: How Jong will 
500 { worth ſerve a crew of 250 men, at 1; pint 
to each man a day; when the tun is worth 24 J. 


a © MX 40 Fits £-» 
1 2574ꝛk 
I -- 24-- 250-- Q.--1,5 - - 500 


Now Q= (ee 
 \24x(250X1,5X20 


112 days. 
) jet 


The INTRODUCTION, 35 


XI. If when the quarter of wheat is ſold for 2 
£.125. 6 d. the three penny loaf weighs 22 oz. 16 
dwts, What ought the 2 penny loaf to weigh, 
when the buſhel is ſold for 5 ſhillings? 


Now 2. 125. 64. = 2,625 C.; and 220%. 16 
du. = 22,8 ag. 


Quar. J. pen. lo. oz. 
I -- - 2,025 - - - 3Z--- 22,8 


I Gm 2---% 


— 


2, 625 22,802 
Then Q = ( IT ==) I9,95 OZ. 


XII. If 48 men in 5 3 days, dig a trench of 23 
z yards long 2 deep, and 3 + wide: What length 
Of trench, of 3 © yards deep, and 5 + wide, can be 
dug by 24 men in 189 days? 


Men da. yds lo. deep wide 
248 - =» „ 


1 2418923. 252, C 3˙5 9 33.78 
2 Now 22 { 248%5,5X3>5X590 yds lo. 


— * 8 
2 =. . FI OY — 
= 
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XIII. tf 14 yards of cloth coſt 10 guineas: How 
many ells flemiſh may be had for 383. 17 5. 64.” * 
Mann © Ell Fl. * 


I-- 10,5 -- 14 X 1,3 
I - - 383,875 -- - Q. 


6 


L. 
Then Q. e 504 134 


XIV. If 13 2 * diaper of 2 yard wide, coſt 5 
guineas: What will 32 4 yards of + ell engliſh wide, 
and of the ſame g ohne, come to? 


Man . + yds. lo. - wide 


I -- 3725 — I3X1,25 - - - 0,75 
I---Q.---- 32,25 - -- OSX1,25 


* 


32, 5 v,, 255,25. * 
= IZXI, 25 & 0,75 1 12 


——_— 


* Note, Yds multipl. by (2 — =) , 3. gives ells flem. 


+ Note, ells engl. multip. by 2 1,25 gives yds, . 


XV. 


— 
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KV. One who had ſold a parcel of cloths at 25. 10d. 
© 2 yd on 3 mon. credit, found he had gain'd 25 . 
ent. & annum: What did the cloth coſt a yard? 


L. mon. L. 


100 -- 12225 
100 3---Q. 


Now Q, = (12232055 a} 6,25 L. 


100 X 12 
4 g. d. 
And 0 om. 25. Alſo, 2 10g, 1418. 
1. Mon. . 
Then 106 525 = - Z- - - 100 
WEI. 
Therefore Q. = (2485 =) 4 
106 25X3 o, 17 


Or, 25. 8d. a yard is the prime coſt. 


D 5 | XIV. 
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XVI. At 31. 4d. a pound: What will 554 4 bl 
be worth, allowing 4 Ib upon every 100 pound? 
Man 5 5 
1 --- I04- - - 100 
3 reſi 715445 © © . 


920 ©O 


SA: S100 
Now Gus ( ar? 1 = 725,4807 i 


Man # 2 
e „16 
I --- 725,4807 - - = Q 
d. 


8 
Then Q. = (725, 4807 X o, 18 =) 120 18 34 


XVII. One would exchange 729 pieces of 4, 
2 d. each, for pounds ſterling, and "muſt allow the ; 
broker 15 C. upon 100 C. How many L. will he ; 
receive ? | d 


Man Piece L. 
121, 208 
IT -- 729 - - Q. = 729 & 0, 2083 C. 


Man L. ; 


1--- 101,5 === I00 
1 - - © 729X0,2087 - - Q. 


| {729 X 0,2083 X 100__ 
Q=( 101,25 =) . 


XVII, | 
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XVIII. A draper bought 27 pieces of cloth, each 
of 24 + yards long, and 7 quarters wide, at 14 5. 
s. a yard: How many pieces of ſuch cloth, each 

of 31 4 yards long, and 5 quarters wide, may be 
bought for 1375 K. 


yd lo. q. w. . 
„ Saban 
27245 N., x, 4 


Pieces yds long q. W. „ 
27 = = 2445 NS, 78 
. 1375: 


N 2 | 
* 6 . 


| XIX. A grocer bought 4 4 hundred weight of 
pepper, for 15 C. 175. 4d. which proving to be 
damaged, he is willing to loſe 12 + C. cent. 
; = How muſt he fell it a-paund? | | 


Man L. 4. 


I - - 100 - 87,5 


I -- - 15,86 -- Q. 


— 15,8987, | 4 
| . = ( 185 ==) 15,8 X0,87 5 


Man 5 5 
1 - 46-15, 88, 875 
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XX. A merchant ſent to his factor at Liſbon 31 2 
cloths, each of 22 + yards, at 9s, 6d. a yard; 
who is to return the third part in ſugar at 22 5. 64 
a hundred weight, and the reſt in wine, at 13 1. i 
10 5. a pipe: What quantity of ſugar and wine did 
the factor ſend ? | 


Man yd L. 
1 I - = 0,475 
1 — 22,5X30 - Q. 


Q. = (36 X 22,5 + 0, 475 =) 384,75 L. 


Then 384,75 /. is the value of the cloth. 
And 128,25 /. is the ſum returned in ſugar, 


Alſo 256,5 C. is the ſum returned in wine, 


Man /. hun. wt. 
IT -- 1,125 --1 


128,25 J 114 hundr, | 
x - - 128,26 - - Q. = S wt. of ſugar, 


Man . Pipe 
Ii 


12 2568-888 — 19 pipes of wine. 


1375 


8 EC- 
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* * * 
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SECTION IX. 


OR the ſpeedy working of thoſe examples in 
the rule of three, where the firſt term is 
an unit; there are, in books of arithmetic, ſeveral 
compendious Rules, called the Rules of Practice, 
which are nothing more than the application of the 
doctrine of aliquot parts But as there are a great 
variety of ſuch parts; ſo many, therefore, are the 
ways of applying them; which occaſions ſuch a di- 
verſity of Rules for doing one and the ſame thing, 
that it would be an endleſs task, to give all the eaſy 

methods of operation adapted to particular Caſes; in 
this place it may ſuffice to mention ſome general di- 
rections, whereby, with the judgment of the prac- 
titioner, the moſt common Caſes may expeditiouſly 
be ſolved. 

One number is ſaid to be an a/iguot part of ano- 
ther; when the former will divide che latter, and 
leave no remainder. 


Tables, ſhewin 77 the aliquot parts of a a pound 


ſterling, and of a ſhilling, 

105. o d. is 1] [6d.isz) Or, 2 © 
110 4 PN 

65.84. T 4 d. 3 2 8 8 

— 0 ; x 

55. o d. 26% 11 wt 24k 

45. od. 3 >2124, 1 128 2 

35. 4d. 3 F|id. 1&8 | 

25. 6d. 5 14 1 > 

25. O d. T6. 


' Tho 
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The ſolution of all the Caſes in Practice, may 
be perform'd by the following, - 


General RU L E. 


Of the greater denominations of the things gi- 
ven to be valued. 


1. Take the product thereof by the pounds in the 


ce. 
2. and alſo, the parts thereof, for the moſt con- 
venient aliquots of the lower denominations of 
the price. 

3. And the parts of the given price, for the moſt 
convenient aliquots of the lower denominations 
of the quantity. 

4. The ſum of theſe, is the value of the quantity 
given. 

In the following Examples; the aliquot parts, or 
-diviſors, are ſet againſt the numbers they are to 
divide. 


Ex. I. At 3s. 6 d. à pair; ; what will 273 pair 
come to ? 


6. d. | 
2 O0 1:5[273 EE 
10 427 6 
9 6 [+] 13 1 
6 16 6 
L. 47 25 © 


| Ex. 
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Ex. II. At 175. 109. 28 What will 1483 


4 yards comes to ? 
„ $ 
10 0 s 
S 90 Ji 
2 6 4 
0 3 A 
y. 0 14 12 
+ 47 104 
4 | 8 1142 
4.3 5 


Ex. III. At 48 C. 145. 7 d. +” gun. what 
will Sy C:ve, EL 1916 + come to? 


0 10 Ol 590 
— 55 
12384 
43 6.0. 28608 
1 290 the of 590 
o 2 © 39 12 
3 o © 6 A659 12 
F 0: o 14114 18 
= qs o o 'o;[4|---3 14 6 
I 2 0 is 448 14 7% — 0 12 5 1 
„eee 
N JJ 
pe 2 |3 — - - - © 17 45,41 
JJ 
o 82,7 


2414285 
{- 29089 9.7.49 But 
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But moſt Examples of this kind, are more readi- 
Iy ſolved, by mixing the doctrine of decimal frac- 
tions, with that of aliquot parts; as ſhewn by the 
following, 


General RULE. 


I. To the greater denomination of the things given 
to be valued, annex the decimal of the inferior 
parts (if any.) 

2. Take the product of this mix'd number, by the 
pounds in the price. 

3. And alſo, the product of 7; thereof, by half the 
greateſt even ſhillings 1 in the price. 

4. Out of the ſaid 10 of the things given to be va- 


lued, take the moſt convenient aliquots of 2 ſhib 


lings, for the other parts (if any) of the price. 
5, The ſum of the lines produced by the 2d, 3d, 


and 4th articles, will be the anſwer decimally 
expreſſed. 


Ex. I. At 35s. 6 d. e what will 273 pair 
come to ? | 


27,3 is To of 373 
. d. Id is + the greateſt even ſhillings 


I [27,3 the value at-2 ſhillings 
© 6213,65 the value at 1 ſhilllings 
6,826 value at 6 pence 


£:475175 = 47 L. 155. 64. 


Ol 
I 
z 


Ex. 


_ 
* 
* 1 
4 
\ 
= 
We 
3 
>; 
"IN 
"—=- 
4 a 
4 
N 


d 5 
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Ex. II. At 175. 10 d. 4a yard; what will 483 
yards come to? 


Now 483 2 1s 483.75 

5. d. 

1 0 |x| 48,375 is r of 483,78 

0 8 is 4 even ſlullings 

| [387,000 is the value at 16 ſhillings 

24,1875 is the value at 1 ſhilling 

I2, 29937 5 is the value at 6 pence 
6,04687 is the value at 3 pence 

| 3,02343 is the value at I x 4. 


L. 432335155 


Ex. III. At 48 /. 145 74 C. tot. What 
will 596 C.wt. 3 gqrs. 19 x tb come to? 
2 [1 
8 419,5 
| 7 > 4,875 
J. d. 4 369643 
0 614 5965211 its 2 is 59692411 
RING. 
477539288 
2387659644 
28652, 35735, 
417,846877 is 59,692411 by y 
O 1]; 14,923103 is + of 59,69, Er. 
][ 3739776 | 
0,621796 


29089,479832 


4 1 a. x 7 2 A nt. | IA ” n wn 
Po. - RTF ah :. ² NO RIO I A £4 7 


82 2 


1 
2 


pH JC. IS, q 
g — SS ” —Y 
1 * os 8 Lat 


O 


This Rule ſaves the trouble of taking the parts 
of the price, ſor the parts of the given things. 
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SECTION X. 
Of Powers and their Roots. 


PID i. —— Far —— «ak 


HEN a given number is multiplied by it- 

felf, and this product by the given num- 

der, and this product by the given number, &c. 

to any aſſigned number of products; this proceſs is 

called the involution of the given number, or the 
raiſing it to its powers. 

Thus, the given number, is called the root or 
firſt power, 
* The rſt pow. multi. by itſelf, gives the 2d pow. 

The 2d pow. multi. by the 1ſt, gives the 3d pow. 

The 3 pow. multi. by the 1ſt, gives the 4th pow. 

6 


. a © . L 
= 0" „ et ER LES 
JJ NT ABST TG 


The 24 power is called the ſquare. 
The za over is called the cube. 
The-4th power is called the biquadrat. 
Sc. 
The following table exhibits the 1ſt 2d and 3d 
powers of the nine digits. 


Roots. . 3:4 5. 1. . 9. 
Squares. 1. 4. 9. 16. 25. 36. 49. 64. 81. 
Cubes. 1. 8. 27. 64. 125. 216. 343. 512. 729. 


From what has been ſaid, it will be eaſy to find 
any aſſigned power of a given number: but when a 
large number is conſidered as a given power, and 
Its root be required, this is not to be done ſo readily 


D 
8 n 1 
FF . 


A 1 FT 
r 
4 1 No * 
1 


1 a 
g „ 9 
* 4 — 
* ww" of 5 
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as the raiſing the power from the given root; in 
the latter Caſe, the factors are always known; but 
in the former, there is given, only the dividend, 
the diviſor to which, is to be found ; and this is not 
conſtant, as in Diviſion, but changes every time a 
new figure or place is obtained in the quotient. _ 

The method of finding the roots of given pow- 
ers, is called, the Extraction of roots. 

The common methods of performing the opera- 
tions in the ſquare and cube roots only, will here 
be ſhewn ; thoſe of higher powers not being much 
wanted in common menſuration : but the more in- 
quiſitive ſort of readers may be amply fatished in the 
methods of extracting the roots of higher powers, 
in almoſt every book of elementary Algebra, 


To extract the ſquare root of any given number. 


RULE. 


t. Put a point over the place of units; and alſo, 
over every ſecond place (counting from units,) 
to the Jeft-hand, for integers, and to the right- 
hand, for decimals; and the integral part of the 
root, will have as many places, as there are points 
over the integers in the given number. 

When a number is thus pointed, the place under 

a point, and its left-hand place together, is called a 

period. | | | 

2. Seek the greateſt ſquare in the left-hand period, 
write the root in the quotient ; the ſquare there- 
of, write under the period; ſubtract, and to the 
remainder bring down the next period; (as in 
Diviſion, ) call this the reſolvend. Xa 


3. To 
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3. To the left of the reſolvend, write the double 

of the quotient. for a diviſor ; ſeek how oft this 

may be had in the reſolvend, except its right- 
hand place; write the reſult in the quotient; and 
alſo on the right of the diviſor. 

4. Multiply this increas'd diviſor, by the laſt quo- 

tient figure; ſubtract the product from the reſol- 
vend ; to the remainder bring down the next pe- 
riod for a new reſolvend ; double all the quotient 
for a diviſor ; divide as before ; and thus proceed 
until all the periods are uſed. 

Tf at laſt there happen to be a great remainder, 
and it is required to have the root more accurate, 
by increaſing it with a decimal fraction. Po the 
remainder annex two cyphers, and. proſecute the 
work as before, always adding two Cyphers to the 
remainder, Sc. till the root is as exact as deſired, 


EXAMPLE L 


What i is the ſquare root of 1 32496? 


132496 (364 
9 

66) 424 
396 


724) 2896 
2896 


The firſt period towards the left-hand is 13, the 
greateſt ſquare there in is 9, whoſe root 3, write 
in the quote, and the ſquare 9 write under the 13, 
and ſubtracting, there remains 4; to which bring 
down the next period 24, makes the reſolvend 
424 ; to the left-hand" thereof draw a curv'd line, 
* at a diſtance thereſrom put the double of 3, 

vix. 


ow 
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viz. 6, and inquire how oft this 6 may be had in 
42, and find 6 times, write 6 in the quote, and 
alſo, on the right-hand of. the diviſor 6; and the in- 
creaſed diviſor 66, multiply by the 6 in the quote, 
and it gives 396, this ſubtracted from 424 leaves 
28; to which, the next period 96 is brought down, 
and 2896 is the new reſolvend; now 36 the quo- 
tient, doubled, makes 72 the diviſor, this in 289 
goes 4 times, write 4 in the Root, and diviſor ; 
and the new diviſor 724, multiplied by 4, gives 
2896, to be ſubtracted from the laſt reſolvend, and. 
nothing remains: therefore 364 is. the true root ; 
for 364 multipled by 364, gives 132496 the num» 
ber given. 


EXAMPLE II. 
What is the ſquare root of 163958207163 Þ 


167) 1239 
1169 
1744) 7058 
| 6976_—_ 
174804) 822071 
699216 
1748087) 12285563 
12236609 
174809402) 489540000 
349618804 
1748094047) 13992119600 
12236658329 
1755461281, Ce. 
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In this Example, after all the periods in the 
given number are brought down and uſed ; to the 
remainder are brought down periods of cyphers ; 
and with theſe, the Work is proſecuted in the ſame 
manner as if they were given periods of ſignificant 
digits: And thus, may the root be continued to al- 
moſt any deſired exactneſs; for there will ever be a 
remainder, fince no digit ſquared, can have a Cypher 
in its right-hand place. 


Mere EXAMPLES, 
What is the ſquare root of 


- 36372961 2 6031 

24081024 = 4968 
1,069 E 1,03 
911236798,794305 30186,699 


Theſe Examples are operated in the ſame manner 
as the preceding one. 

There are many uſes to which the ſquare root 
may be applied, one is, 

Two numbers being given, oben them to 
find a mean proportional. 


R UL E. 


Multiply the two numbers together, and out of 
the product extract the ſquare root, which root is 
- the mean proportional required. 


Sr l. 


What is the mean proportional between 3 and 
12 
Now 3 multiplied by 12, is 36; Rowe ſquare 
root I 6, the mean required, ” 
or 


52 „„ 
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4276 3600392 (1897, 4, Sc. 
842 1 | 
8552 2B) 260 
17104. | 224 
6% 785 
3000392 3321 
3787) 28292 
26509 
3794, 179300 
5 151776 
* 265 24, Ee. 
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For 3 is to 6, ſo is 6 to 12, by the rules of pro- 
Wporiion. 


S Find a mean proportional between 4276 and 
842 | 


So 1897,4, Sc. is the mean proportional re- 
By guiced. 


To extract the cube root of a given number. 


1 RULE. 


$ 
W 7. Put a point over the place of units; and alſo, 
al every third place, counting to the left for in- 
Wl tegers, and to the right for decimals; or in other 
WT words, point the given number into periods of three 
places each, beginning at units: and there will be 
Wi many integral places in the root, as there are 
points over the integers in the given number. 
2. Seek the greateſt cube in the left hand period, 
© rite the root in the quotient, and the cube under 
the period; ſubtract, and to the remainder bring 
own the next period: Call this the Reſolvend, F 
under which draw a line. 3. 
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3. Under the Reſolvend, write the triple ſquare a 
of the root, ſo that units in the latter ſtand under 
the place of hundreds in the former; under the 
triple ſquare of the root, write the triple root, re- 
moved one place to the right; and the ſum of theſe 
two lines call a Diviſor ; under which draw a line. 

4. Seek how oft this Diviſor may be had in the 
Reſolvend, [its right-hand place excepted,] and 
write the reſult in the quotient. 1 

5. Under the Diviſor, write the product of the 
triple ſquare of the root by the laſt quotient 
figure, ſetting units place of this line, under that of 
tens in the Diviſor; under this line write, the pro- 
duct of the triple root, by the ſquare of the laſt i 

uotient figure, let this line be removed one place 
beyond the right of the former; and under this 
line, removed one place forward to the right, write 
the cube of the laſt quotient figure ; the ſum of 
theſe three lines call the Subtrahend, under which 
draw a line. 

6. Subtract the Subtrahend from the Reſolvend; Þ 
to the remainder bring down the next period for a 
new Reſolvend ; the Diviſor to this, muſt be the 
triple ſquare of all the quotient added to the triple 
thereof, Sc. as in the 3d article, Cc. f 
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EXAMPLE. 1 
What is the Cube Root of 48228544 ? 


48228544 (364 
27 . 
21228 Reſolvend. 

27 Triple ſquare of 3. 

add 09 Triple of 3. by due root. 


279 Diviſor. | 
5 2 Triple ſquare of 3 multiplied by 6. 


216 Cube of 6. 
19656 Subtrabend, 
1572544 Reſolvend. 
3888 Triple ſquare of 36. | 
01 ' 108 Triple of 36. $the * 
38988 Diviſor. of 


— On. — — 


1 15552 Triple ſquare of 36 mult. by 4. 

add 1728 Triple of 36 muld. by ſquare ol 4. 
64 Cube of 4. 

1572544 Subtrahend. 


* r k 
e 


If the work of this Example be well conſidered, 
and compared with the faregoing Rule, it will be 
Wealy to conceive how any other Example of the 
Ilie nature may be wrought ; and here obſerve that 
ben the cube root is extracted to more than two 
places, there is a neceſſity of doing ſome work up- 
on a ſpare piece of paper, in order to come at the 


oot by the ſquare of the quotient figure, Cc. 
In this example, the given number is a cube 
mber, and therefore at the end of the operation 
E 


324 Triple of 3 multipl. by ſquare of 6, 


root's triple ſquare, and the product of the triple 


there 
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there remained nothing ; for 364 multiplied by 364, 
the product.multiplied by 364 gives 48228544, the 
given number, 

But if the number given be not a cube number ; 
then, to the laſt remainder always bring down three 
cyphers, and work anew for a decimal fraction if 
needful. 


Mere EXAMPLES. 
What is the cube root of 


399017 73 

10927 27 103 
27054030008 Anſwers. 3002 
219365327791 6031 
122615327232 4968 


Theſe examples are all operated in the ſame 
manner as the foregoing one. 

There are many uſes of the cube root, one is to 
find two mean proportionals between two given 


numbers. 
RU LE. 


Divide the greater extream by the leſſer, and the 
cube root of the quotient multiplied by the leſſer 
extream, gives the leſſer mean. Multiply the ſaid 
cube root by the leſſer mean, and the product is the 
greater mean proportional, 

Note, This is only underſtood of thoſe numbers 
that are in continued geometric proportion, 


EXAMPLE, I. 


What are the two mean proportionals between 
4 and 108 


108 
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108 divided by 4 gives 27, whoſe cube root is 33 
and the leſſer extream 4, mulſtiplied thereby, gives 
12 for the leſſer mean; and 12 multiplied by the 
{aid root 3, gives 36 for the greater mean. | 

For as 4 is to 12, ſo is 36 to 2 


184 


EXAMPLE IL. ni 


4 
Find the two 1 means between 8 and 
1728! ? 
'Now 8) 1728 (216, whoſe cube root is 6. And 
6 times 8 is 48, the leſſer mean, and 6 times 46 is 
288 the greater mean. 
For as 8 is to 48 ſo is 288 to 1728. 


If the rule already given for the cube root be 
thought too tedious, the following one will be found 
more ready ſor uſe. 

1. Point the given number, ſeek the greateſt 
cube in the left-hand period, write the root in the 
quotient, ſubtract the cube from the period, as di- 
rected in the other rule; and to the remainder 
bring down all the remaining periods in the given 
number: Call this the Reſolvend. 

2, To the root (or quotient) annex as many ey- 
phers, as there are remaining periods; muldiply this 
%; by this product, divide the Reſolyend; and 
point the quotient into periods of 2 places, (begin- 
ning at units,) obſerving that there be no more 
points than there were periods brought down to the 
Reſolvend. 

3. Make the root (found in the firſt period of the 
given number,) a Diviſor, ſeek how often it may 
be had in the leſt hand period of the quotient [ex- 


ping the place under the point] and the figure 
E 2 reſulting 
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refulting write in the quotient, to the right. 
hand of the root firſt found] and on the right of 
the diviſor; multiply this increaſed diviſor by the 
laſt quotient figure; to the remainder bring down 
the next period; divide this, by the laſt diviſor, &c. 

An example or two will render the whole very 


: 
1 
1 
4 
- 
| 
2 


plain. ä | 
- What is the cube root of 12812904 ? \ 
12812904 (200 | | 
8 3 | 
5, 4812904 600 

23) 8021,5, r. (34 

6g 200 

234) 1121 234 

8 
. 


Firſt begin at 4 the place of units, over which 
-pat a point, and omitting two figures, put another 
point over the 2; and omitting two figures more, 
put another point over the left-hand figure 2: Now WW + 
here are three points, and therefore there muſt be 
three places of integers in the root. Then, begin- 
ning with the firſt period 12, find the greateſt cube 
therein, which is 8, whoſe root is 2; write 6 
under 12, and 2 as a quotient. Subtract 8 from 
- 12, and to the remainder 4 bring down the te- 
maining figures {which occupy the places of two 
points or periods.) To the quotient, (2) annex 
two cyphers, for the two points remaining over the 
given number, {for the quotient 2 is in reality 200, 
and this 200, multiply by 3, and the product 600 
make a diviſor; by it divide 48 12904, (which !s 


the difference between 8 the cube of 2, and the 
g \ gL1Ven 


yy ==, 


* 8 


4, Cars = 242 SF - 
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given number,) and the quotient is 8o21,5, Cc. 


Then begin at I, the place of units, and point as 
directed in the ſquare, till there are aas many points 


as annexed cyphers to the firſt root, which in this 


example are two. To the right and left of. this 
number, viz. 8021, &c. draw curved lines, as in 


& diviſion ; make the firſt root 2 a diviſor, inquire 


how oft it may be found in the firſt period 80 [ex- 


© cepting the place under the point; that is, ſay how 
& often 2 in 8,] and it gives 3, write this in the quo- 
tent; and alſo on the right-hand of the diviſor 2, 


GASES „ —— — 


which now becomes 23. This 23 multiply by 


the quotient 3, and the product 69, ſubtract from 


80, to the remainder 11, bring down the next pe- 
riod 21, makes 1121. Now 23 the diviſor, in 112 


goes 4, write 4 in the quotient, and on the right 


of 23, which now becomes 234; this 234 multi- 
riplied dy the quotient 4, gives 936, and ſubtract- 
ing, chere remains 187. 

Now this quotient 34 added to the firſt zoot 


| 200, makes 234, and if this 234 be cubed, it will 


de 12812904, which was the number firſt given, 
and therefore 2.34 is the true root required, 


EXAMPLE I 
Extract the cube root out of 92398647506217, 
ſo that the root may conſiſt of eight Figures or 
Places, gt dee e. Fes , 
2398047506217, (40000 
+ . 3 
12,0000) 28398647 50,6217 120000 


45) 236655395 (52 


225 400, Oc. 
425) 1165 452, Cc. 
904 


E 3 Then 


1 
1 


g 1 
— 
. — . — — — — , „ aw - — — — 


— — 
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Then 452 cubed is 92345408. And the — | 
operation renewed, calling 452 the firſt root, will 


ſtand as follows; 
9870 b6 % 50621 © (45200 
92345408 3 
| — 135600 


1356, oo) 2228852277 (392621,727 293 
45208) 392621, 727293 (08, 684, Sc. 


361664 
452086) 3095772 45200 
. 7 08,684 


4520868) 38325672 45208,684. 
36166944 the root. 
45208684) 215872893. | 
r80834730 
35038157, Sr. 


In this example, when three places were found 


in the root, theſe were conſidered as the root of 


the three firſt periods; therefore 452 cubed gives 
92345408, which uſed as the firſt cube of 4 
was, iz. ſubtracted from the given number 
92398647 506217, leaves 53239500217, this divi- 
ded by the root 452 with two cyphers annexed, 
(for the remaining two points over the number gi- 
ven,) viz. 45200, gives 392021,727293, which 
pointed as in the ſquare, and the root 452 uſed as 2 
diviſor, &c. as before directed, gives 08,684, this 
added to the foregoing root, 45200, gives 45208 „684 
for the root required. 


This 


„ ©” ww 424 


$ 
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This method very ſeldom fails to give the root of 
any number true to three places at leaſt, at the firſt 
operation; and if the ſecond place in the root is 
a cypher, or an unit, four or five places may be ob- 
tain'd at the firſt operation. 

But if a ſecond operation is made, as in the fore- 
going example, eight or nine places in the root will 
de found : And if more accuracy be required, make 
a third operation, and this will give the root to 26 
or 27 places; each operation tripling the figures 
found in the laſt root f 


0 3 8 Hd 


ETON 


Of CHARACTERS and their EXP L A- 
| NATION, 


N the following ſheets of this treatiſe, there are 
ſeveral characters and expreſſions uſed in order 


to ſhorten the work which are here explained. 


I. Wherever is found this ſign 4, (more) it ſigni- 
fies that the number following the ſign is to be added 
to the number going before it; thus 4 + 8 is read 4 
more 8, and ſignifies, that 8 is to be added to 4. 

II. This fign — (le ſignifies that the number 
following it, is to be ſubtracted from the number 
going before it; thus 6 — 2, is read 6 leſs 2, and 
ſignifies, that 2 is to be taken from 6. 

III. This ſign X (into) fignifies multiplication, 
and implies that the numbers this ſign is between, 
are to be multiplied together; thus 4 X 9 imports, 
that 4 is to be multiplied by ; and 2X 3X 6X 55 
lignifies that 2 is to be multipled by 3, and that 
product by 6, and this product by 5, and the like 
of any other, 


E 4 IV. 
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IV. Thisfigh = (by) fignifies diviſion, and ſhews 
that the number going before the ſign, is to be di- 
vided by the number following it ; thus 12 = 4 im- 
plies, that 12 is to be divided by 4 ; but diviſion is 
moſt commonly expreſſed by ſetting down the di- 
vidend or number to be divided, and placing the di- 
viſor or dividing number under it, with a line drawn 
* between them, like a vulgar fraction; thus 7 implies 
that 12 is to be divided by 4; and if 48,327 was to 


be divided by 2,1 5, expreſs it thus, £2327 Sc. 


3 7 
V. This ſign (egual) ſignifies that — 
or expreſſions on each ſide thereof, are equal one to 
the other; thus 4 + 8 = 12, ſignifies that 8 add- 
ed to 4 is equal to 12; and 6 — 2 = 4, implies 
that 2 taken from 6 leaves 4, or 6 leſſened by 2 8 
equal to 4; and 4 X 9 = 36, implies that 4 mul- 


tiplied by , gives a product equal to 36; and — 


= 3, ſignifies that 12 divided by 4, gives a quoti- 
ent equal to 3, and the like of other expreſſions. 
VI. The terms of proportions are expreſſed by 
certain points between the terms; thus 4:6 :: 10: 
15, and is read, as 4 is to 6, ſo is 10 to 15, ſo that 
the two points: between the two firſt terms is read, 
75 ; the four points : : between the ſecond and 
third terms is read, / is, and the two points: be- 
tween the third and fourth terms is read, 0. 

Take an example where all the forementioned 
characters are uſed : Suppoſe I buy 120 eggs at two 
a penny, and 120 more at three a penny, and ſel! 
them again at five for two-pence; whether do I 
loſe or gain, and how much ? 


Now 


+ 
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Now *2* 60 d. the price the firſt 120 coſt; and 
129 —= 404. the price that the ſecond 129 coſt and 
60 + 40 = loo, the price 240 coſt. Then as 
5 egg. :24.: : 240 gf. : 96 d.; for 240 K 2 


8 k | 
= 480, and i = 969. the price the eggs were 
ſold at; and 100 d. — 96 f. 4.4. the money laſt. 


This ſign , ſhews that the ſquare-root is to be 
found, of thoſe quantities affected with the ſign. 


Thus 4// 49 X 7, ſbews that 40 is to be multi- 
plied by 4 and the ſquare root of the produt is 
to be taken. 

The character , denotes the cube root of the 


F 
quantities following; thus 4/ 4 + f ſhews that” 
the half of 3 is to be added to. 4, and the cube root 
of the ſum to be taken. 
When ſeveral terms, or numbers, are connected 
together by lines dravin either above or below them; 
it implies that the reſult of thoſe terms or numbers, 
ordered as their ſigns denote, is to be taken as one- 
term or number. | , 
Thus 4 X 2 + 5, ſhews that the ſum of 2 and 
5 or 7, is to be multiplied by 4, and makes 28: 
But was it wrote thus 4 X 2 + 5; it would denote, 
that 4 was to be multiplied by 2, and the product: 
8, added to 5, making 13; which is very different: 
tom the former reſult, 


Again; 


82 The INTRODUCTION. 


Ae 6—3 EX 2 * 7 ſhews that the 


ſum of 3 and 5, or 8, is to be multiplied by 2; 
and the product 16, to be divided by 4; and the F 
_ « quotient 4, to be ſubtracted from 6; and the re- 
mainder 2, to be multiplied by 7; ſo that the 
whole expreſſion is equal to 14. But was it wrote 


thus 6 — 1 : X12 X 7, the reſult would-be ve- 


ry different; for it would denote, that the product 
of 5 by 2, or 10, was to be added to 3; and the 
. Jum 13, to be divided by 4, and the quotient Jz 
to be multiplied by 7; and the product 22 4, to be 
ſubtracted 3 6. Theſe things therefore ſhoul 
de carefully attended to, for the drawing of a line, 
or leaving it out, makes a wide difference in the 
meaning of an expreſſion. ' 

- Seyeral quantities, ſtanding under a line, with a 
figure at the right-hand end, ſhews that the expreſ- 
ſion under that line, is to be rais'd to the power de- 
noted by u the index in the end of the line. 


Thus 3 X 5 + 6 denotes the ſecond power of 
this — Se. 


S EC- 
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SECTION XIL 
Of DUODECIMALS. 


That ſcale of numeral notation, in which every 
ſuperior place, is twelve times its next infe- 
rior, 1s called duodecimals, | 


HIS way of conceiving the unit to be diyi- 
ded, is chiefly in uſe among workmen ; and 
they uſe it only in caſting up the contents of their 
ſuperficial and ſolid works. 

Artifices generally take the 12 dimenſions of 
their work in feet, inches and parts. | 


And. 1 linear foot'= 12 linear inches. 

1 linear inch 8, or 12 linear parts. 
Alſo. ſquare foot S 144 ſquare inches. 

I ſquare inch = 64, or 144 ſquare parte. 
Again. 1 cubic foot = 1728 cubic inches, 

I cubic inch = 512 or 1728 cubic parts. 


The difference in the parts, ariſes from confider- 
ing the inch as divided into 8 parts or 12 parts: For 
{ſome workmen take their dimenſions in feet, in- 
chet, and half quarters, or eighth parts: Others 
take them in feet, inches and quarters, and reckon 
every quarter as 3 parts; fo that theſe actually fo 
low the duodecimal ſcale; altho they ſeldom take 
notice of any other parts of an inch, than 3, ©6, or 
9, and. give and take (as they call it) for the inter- 


mediate Ones. - 
E 6 The- 
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The operation of multiplying feet and inches, 
by feet and inches; or, feet, inches and parts, by 
feet, inches and parts, is commonly called cro/5 
multiplication. 


As in decimal, the places deſcend by tens from 
the unit -place to the right-hand, and are called 
primes, ſeconds, thirds, fourths, &c. ſo in duodeci- 
mals, the decreaſe is by twelves from the feet place 
to the right-hand, and are generally called feet, in- 
ches, parts, ſeconds, thirds, c. 


But as the terms, inches, parts, &c. are notions 
generally annexed to linear meaſure ; and as the 
multiplication of theſe meaſures by one another 
produce denominations different from thoſe in the 
multiplying factors; therefore, it will be more con- 
venient to call the terms, inferior to feet, primes, 
ſeconds, thirds, fourths, &c. and theſe will equal- 
ly ſuit linear, ſuperficial and ſolid meaſures, juſt as 
well as the ſame names do in decimals, after any 
multiplication whatever. 


And for diſtinction, let feet, be mark'd with (f;) 
primes, with (;) ſeconds, with (“;) thirds, with 
(* ;) fourths, with (iv ;) Cc. 

Theſe marks may very properly be called the in · 
gices of the terms to which they belong; that is, 
they ſhew how many terms diſtant they are from 
the place of feet, 


RULES 
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RULES for multiplying duod eci mally. 


1. Under the multiplicand, write the eorreſpond- 
ing denominations of the multiplier. 

2. Multiply each term in the multiplicand, be- 
ginning at the loweſt, by the feet in the multiplier ; 
write each reſult under its repective term; obſery- 
ing to carry an unit for every ta, from each lower 
denomination to its next ſuperior. 

3. In the ſame manner, multiply all the muttipli- 
cand by the primes in the multiplier ; and write the 
reſult of each term, one place removed to the right» 
hand of thoſe in the multiplicand.. 

4. Work in the ſame manner with the ſeconds 
in the multiplier, fetting the reſult of each term, 
removed two places to the right-hand of thoſe in the 
multiplicand. 

The ſum of theſe, gives the product required, 


EXAMPLE L 


ey” 0 p 4. 5h multiplicand = # 
6 the multiplier = B 
2 6. 11 21 
Add 2 6. 10. 11. 4. Ax 
| ' v.12, =SAXE 


— 


N n NG 


IV 
79.11, . 6 6= =A XxX B= pro 
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It amounts to the ſame, and is equally conveni. 
ent, to begin firſt with the loweſt name in the 
multiplier ; obſerving to place the reſults right. 


e 
Thus ex. 2. m. 7. 8. 6=4 . 
; By 10. 4. 5=8B 
3. 2.6. 6= =AX5$" 
ated A. . 10, 86. AK 
n =A x 10f, 
f. [ Ii/ 2 1 


79.11. o. 6. GO S Ax B= ptod. 


It will often happen, that the feet in the given 
dimenſions are ſo many, that to multiply them by 
the leſſer denominations, and to take a twelfth of 
their product, as above directed, will require ſome 
work to be done on a ſpare paper; to avoid which, 
obſerve the following, 


"Rr U LER 


1. Divide the feet by 12, mentally reſerving the 
quotient and remainder, 

2.. Multiply the reſerved remainder by the leſſer 
denominations, writing the over plus of 125. by 
each term, in their reſpective places. 

3. Multiply the reſerved. quotient, by thoſe leſſer 
denominations, adding thereto, the 12 5. carried, 
and write the reſults in their proper places. 


Ex, 


n an AC 


K WW 
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EXAMPLE III. 


8 f. quo. rem. 
Mul. 368. Io 5=4 Now $f=70.8 
By 197. G4 4=B And 2 =11.5 
10. 2.10.5.8 =Ax 4" 
245. 8. 11. 4. Ax 
4. 9. 1. . 2 137f. x57 
1 735 11. 2 Py * = 137f. x7 
2579 = == 
i 4763 [= 368f. K 137f. 
- IF J Wy 


50756, 7. 10.9.8 =A% B= produ. 


EXAMPLE IV. 


4 f #41 if Iv 
Mul. 24. 10. 8. 7,5=4 
By 9 4.0. = N 
Add (224. 0.5. 6. % Ax. 
1 8. 3.6. 10. 5. 8 - = A 
I. 0-5. 4.3.8. GS Ax 6 
C | 
233: 4:5: 9-0: 4.6 =AxB=produ, 


Ex. 


n 


1 eee — 5 ö . : 
8 : * r 


Example 5. Suppoſe the dimenſions of @ block of marble, bers D. 2 N 
—— Length, 9. 6 822 © 
* Tf 9 5483 8 
8 r= 4 + 7 . ; } required the ſolidity, 8 = bed 
— - . * . bd Z 2 6 
by Multipl 825 
T3 uitiply 9. 6, = length = A 388 b. 
SH By 4. 7. 8 ="breadth=B 8 8 
8 oe oy 88328 
© 2 8 2 
WJ - AX af. 8 8 58 
| depth = C 82 
8 SAX Bx af. $ DE 
8 ,- = AX B x 10' 2388 
O =AXBx3z3/ 238 * 
8 A 82 
II. O Ax BCS ſolidity. £5 Z ZE . 


F - -•—ꝗꝛ̃ N 


The INTRODUCTION. 8g 


RULE. 


Feet by feet, give feet. | 

Feet by primes, give primes. 

Feet 25 ſeconds, give ſeconds, 
7 


primes by primes, give ſeconds. 
Primes by ſeconds, give thirds. 


1 by thirds, give fourths, 
. 4. : ; 


Seconds by ſeconds, give fourths, 
Seconds by thirds, give fifths. 
Seconds by fourths, give ſixths, 


We 
Thirds by thirds, give fixths: ' 
Thirds by fourths, give ſevenths. 
Thirds by fifths, give eighths, 
Sr. 
In general thus: 
When feet are concerned, the product is of the 


_ denomination with the term multiplying the 
cet. 
When feet are not concerned, the name of the 
product will be expreſſed by the ſum of the indices 
of the two factors. 


Theſe rules will be ſufficiently illuſtrated by the 


following example wrought at kngth, 


Muttiply 


— - 
2 


P 
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EIT 39 op 
Multidly 24. 10. 8. 7. 5 
= 5; $5.56 

Th. 24f.Xgf.=216, --, --,--,-- „% 
10 xXof=- %o * 
8"X9f.=--. J 22 
TUXgf.=--. --.,--, 632% 
SWF. 4 
24 Q . 9 4 «„ 
o 4000 „% 


„ o. 
SCC wag =o, 48— 2“! 
* -- . — 2 „ 42 
SNS =o moos ee e 30 

ſum 216. 186. 256. 155 . 121. 62. 30 


Now 186/= 15 6 
250% Nr 
188670 2 
IAI I0 . 
62v=- -, 


| 
: 
| 
} 
q 
[ 
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f. 1 ly v MW 
n 
7 ov,--.- 
6. % = 4 
—_— cc. 5 35 
— , © , © ©. Yo» Ye © nw 
.. dh. 
— re 
=. n . 
"RS FIT Wer 2 EY 
— = Br oP 
„ 1 Sq go Wy © g © = 
n 
„„ „ % 3 * 
2— ———— 2.5 

233-4-5-9.0.4.0 


Many examples, to exerciſe duodecimals, will 
be given in what follows, 


The reader wil] readily fee, that the numbers in 
each line in this page, are reſpectively equal to thoſe 
in the oppoſite line in page 90. 


1 x > 


n 


4 1 
1 
a 
= 
— 

AA 

* 

4 
1 . 
= * 

1 
1 
1 
1 
* 
A 
? 
* 
£ 
3 
. 
. 
= 
4 
= 
. 
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TREATIES 


OF 
MENSURATION. 


ENSURATION is the finding the con- 
tents of ſuperficies and ſolids; by having their 
dimenſions given in any ſort of meafure ; and cone 
fits of three parts; viz. /ineal, ſuperficial, and ſolid. 
I. Lineal meaſure, is the meaſuring of lengths, 
and is uſed in taking the dimenſions of ſuperficial 
and ſolid figures. 
II. Superficial meaſure, is the finding the num- 
ber of ſquare inches, feet, yards, c. in any plain 
or convex figure; as a floor, a wall, a globe, &c. 


by having the dimenſions in lineal meaſure. 


III. Salid meaſure, is the finding the number of 
cubic, or ſolid inches, feet, yards, c. in thoſe 
figures that have length, breadth, and depth; as a 
block of ſtone, marble, &c. by having the dimen- 


ſions in lineal meaſure. 


Of linear meaſure it may ſuffice to obſerve, that 


12 inches are I foot. 

3feet - - - yard. 

6 feet -- - < - 1 fathom. 

5: yards, or 16; feet - 1 pole, perch or rod. 
40 poles - - t furlong, 

8 furlongs - - I mile. a 


PART 


; 
| 
| 
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r. 
Of Superficial ME ASURE. 


Wherein will be ſhewn, 

Firſt, Some uſeful definitions, and problems. 

Secondly, The commom methods of calculating uſed 
by artificers. And 

Thirdly, Methods of computing the areas of vari- 


us /orts of plane figures. 


S'EETI1O0N. I. 
DEFINITION S. 


$ 5 Line is length without breadth ; and is ei- 

ther right, when it is the ſhorteſt diſtance 
between two points; or curved, when it is not the 
ſhorteſt diſtance between two points, 

II. A fuperficies is a figure which hath length 
and breadth, and is incloſed or contained between 
right or curved Imes. 

Nete, One curved line may contain a ſpace or 
ſuperficies ; but of right lines, leſs than three can- 
not contain a ſpace. 

III. When one line is inclined towards an other 
line, in ſuch a manner, as if either or both were 
continued, they would meet; then the opening of 
theſe lines is called an Angle, Fig. 1. Pl. 1. 

IV. When one line ſtands ſo on another, as to 


incline to neither fide; but makes the angles = 
| cac 


* 
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each fide equal; each of thoſe angles is called a 
right one; and the line ſo ſtanding on the other, is 
an 4 perpendicular, to that whereon it Kunde. 
Hg. 

. "Al three ſided figures are called triangles, but 
admit of the following diſtinctions : 

Firſt, If the three ſides are unequal, it is called 
a ſealene triangle. Fig. 

Secondly, If the three ſides are equal, it is called 
en equilateral triangle. Fig. 4. 

Thirdly, If only two ſides are equal, it is called an 
Jjſceles triangle. Fig. 5. 

Haurtbip, If it has one right angle, it is called a 

rigbt- angled triangle. Hg. 6. 

VI. All four ſided figures are called eee 
but admit of the following diſtinctions: 

Fir/t, When the four ſides are equal; if the an- 
gles are right ones, it is called @ /quare z fig. 7. but 
it the angles are not right ones, it is called ä 
bus, Fig. 8. 

Secondly, When the oppoſite ſides only are equal; 
if the angles are right ones, it is called @ rectangle; ; 
fig. 9. but if the angles are not right ones, it is 
called a rhombordes,” Fig. 10. 

Nite, Theſe four are called parallelagrams, as 
having their oppoſite ſides parallel or equidiſtant to 
each other; but all other four ſided figures are call - 
ed !rapeztums. Fig. 11. 

VII. A circle is a plane figure, bounded by one 
curved line called the circumference ; to which all 
right lines drawn from a certain point within the 
bgure, called its center, are equal. Fig. 12, 

VIII. The diameter of a circle is a right line 
drawn through the center, terminated at each end 
dy the circumference, and divides the cucle in: 

e 
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the two equal parts, each called a ſemicircle, Half 
the diameter is called a radius. Fig. 12. 

IX. Every circumference is ſuppoſed to be diyi- 
ded into 360 equal parts called degrees; each degree 
into 60 equal parts called minutes; each minute 
60 equal parts called feconds, &. And any part of 
-a circumference is called an arc. 

X. The chord of an arc, is a right line joining 
the ends of an arc: Or, a right line dividing a cir- 
cle into two unequal parts called ſegments, is called 
a chord. Fig. 12. 

XI. If a chord cut a diameter at right angles, 
that part of the diameter lying between the chord 
and circumference, is called @ uerſd fine, and is 
the height of the ſegment. Fig. 12. 

XII. A ſector is a figure contained under two 
radius's of a circle, and the arc included between 
Qoſe radius s. Zig. 12. 

XIII. A polygon is a figure contained under 
many fides; if the fides, and angles, are equal 
among themſelves, the figure is called a regular po- 
iygon ; otherwiſe, an irregular one. 

Note, a polygon is named according to its num- 
ber of ſides, . If it has 5 fides, it is called a pen- 
tagen; if 6 ſides, a hexagon; if 7, an heptagon; if 
8, an oftagon ; if , 4 nonagon; if 10, 4 decagon; 
if 11, an undecagon; if 12, a duodecagon, See 
Fig. 13, 14, 15, 16, 17, 18, 19, 20. 

XIV. In any quadrilateral, if a line be drawn to 
any two oppolite angles, that line is called a d4iags- 
nal. Fig. 21. 

XV. The altitude or height of any figure, is a 
perpendicular, let fall from the vertex of the figure 
to its baſe; that is, the line on which the figure is 
ſuppoſed to ſtand. . 

XVI. The area of any figure, is the ſuperficial 
content thereof. 2 S EC- 


þ 


* 
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14 


l 


N. II. 


S 


S there is ſometimes a neceſſity of letting fall 

a perpendicular, in order to come at the area 
of a figure; it is therefore convenient to know 
how to ſolve. the following problems. 


To biſett, or divide into two equal farts, the line 


# 4B. (Fig. 22.) | 


, 


CONSTRUCTION. 14, 


Set one foot of the compaſſes on the end B, o- 
pen the other to any convenient diſtance- greater 
than half AB, with that opening deſcribe the arch 
DE; ſet one foot cn A, and with the fame open- 
ing croſs the former arch in D and E; draw the 
line DE, and it will biſeCt the given line AB in the 


point C. 


PROBLEM . 
On any point C of a given line AB, 10 rect a 
perpendicular. (Fig. 23.) 
CONSTRUCTION. 


On any convenient point as D, out of the given 
line, ſet one foot of the compaſſes, extend the o- 
ther to the point C, with that extent, deſcribe a 

F _ Eircum- 


. 


Anton; to find its area or ſuperſicial content. 
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circumference cutting AB in E; draw the diameter 
EDF; thro”. the point C, and the extremity F of 
the diameter EF, draw the line CF, which will 
be perpendicular to the given line AB, and ſtand 
on the point C, as was required. 


PROBLEM III. 


To let fall a perpendicular to any given line AB, 
from a giden point C, above that line. (Fig. 24.) 


CONSTRUCTION. 


Set one foot of the compaſſes on the point C, and 
with any convenient opening deſcribe the arch DE; 
on the points D and E, with the fame opening, 
deſcribe arches below the line, to croſs each other 
in F; lay a ruler by C and F, and draw the line 
CF, which' will be perpendicular to the line AB, 


as was required. 


\ 
8 ͤ— — i. a * — 


— 


SECTION III. 
H E area of all right lin'd figures, may be ob- 


tained by ie pe of the two following pto- 
» poſitions. 


PROPOSITION I. 
The length and breadth of a parallehgram being 


RULE. 
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RULE. a 


Multiply the length by the breadth, the product 
will be the meaſure of the area required, | 


PROPOSITION IL 


Having given the baſe and perpendicular height of 
8 any right lined triangle; to find the area. 


RULE. 


Multiply the baſe by half the perpendicular height; 
or the perpendicular height by half the. baſe; and 
the product is the area. 


By the help of theſe two propoſitions, workmen 
compute the areas of all right lined figures; and 
that by three different ways, Viz. ; 

Firſt, By aliquot parts. 

Secondly. By decimals. 

Thirdly, By duodeci mals. | 

But the latter of theſe are moſtly uſed when the 
dimenſions are taken in feet, inches, Ec. 

Different kind of works are computed by diffe- 
tent meaſures, VIZ. 

„ Firſt, By the foot; as glazing. | 
Secondly, By the yard; as painting, plaiſtering, 
paving, &c, 

Thirdly. By the ſquare of 100 feet; as flooring, 
artitroning, roofing, tyling, Cc. | 
_ Fiurthly, By the rod of 164 feet, whoſe ſquare 
8 272; by which brichlayers compute their work. 

Land is beſt meaſured by the Gunter's chain, 
ich is 4 poles long, and is divided into 100 links, 
F' 2: each 


in 


n 
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each being 7,92 inches; and as 40 poles in length, 

and 4 in breadth make a ſtatute acre ; therefore 
625 ſqu. links = 1 pole 

I00000 =. -., = 160 = 1 acre =4840 vad 


8 cw. Ml —_ KA. —_— — te. 8 
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SECTION. IV. 
Of ARTIFICERS WORKS. 
QuvuEresTION I. 
JF AT is the area or ſuperficial content of 1 
window, whoſe length is 14 feet 6 inches, au 
breadth 4 feet q inches ? | 


This example is here exempliſy'd by the three 
methods of operation. 


Aff. By aliquot Secondly. By Thirdly. Br 


In. parts. decimals. duodecimals. 
6146 14% JI 5 
„ 2 
8- © 725. 0 
. 1015 10 10 - 6 
C WO ak EL TG SG 


68 = 104" 68,875 


The reſult, in each of-theſe methods, is the (ant, 
which is, 68 ſquare feet, and 103 primes. 

Altho' it is obvious, that linear feet drawn it 
linear feet, produce ſquare feet; and inches by lf. 
ches, produce ſquare inches; and parts by parts 
produce ſquare parts: Vet feet, inches and part 


drawn into feet, inches and parts, produce on 
5 
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ſgures and names beſwe ſquare feet, ſquare inches» 
and ſquare parts; vi. one name or figure between 
the ſquare feet and ſquare inches, this multiplied by 
12, give ſquare. inches: another name, between 


the ſquare inches and ſquare parts, this multiplied . 


by 12, gives ſquare parts. See the following ex- 
ample. 8 


t, P- | 
39 10 7 2 A 
* 8. 4. 2 B 
1. 1. 3.6. 4 AX p. 
26 . 7 » o.$;-=AXxB8i. 
0. 10. 6. - . - = 8. X 7Þ- 
t5. O.-- , . + =.18f. X loi. 
702, ..= «= + = » = = 39f. & 18k. 


745. 6.10.2,4=AXB. 


Or. 745 . 72 +10. 24 +4 
That is 745 ſq. f. 82 ſq. i. 28 19. parts. 


The names already given te the different deno- 
minations ariſing in duodecimal multiplication, are 
feet, primes, ſeconds, thirds, fourths, c.; but it 
will not be impropef in this place, ta ſhew what 
figures thoſe names really repreſent in ſuperficial 


% 


meaſure, produced by feet, inches and parts, drawn 
into feet, inches and parts. | 8 


1. The feet, are ſquare feet. 


2. The primes, are rectangles of a foot long and 


an inch wide. 


3. The ſeconds, are either rectangles of a foot 
long, and 1 part wide; cr, which is juſt the ſame, 
ley are ſquare inches. 

4. The thirds, are rectangles of an inch lorg 
and I part wide. | 

5. The fourths, are ſquare parts. 


F 3 Of * 
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I. Of meaſurements by the foot ſquare; 
as glazing, and maſons flat work. 


Avus TION II. 


What will the glazing a triangular ſty- light com 


to, at 104. & foot; ſuppoſing the baſe 12 feet b in- 
«hes long, and the perpendicular height 6 feet ꝙ inches 


By duodecimals, 
&--& 
16-9 = the height. 
9821 
4-2-3 
FA d. 100 - 6 
6 4 [3] _194-8- 3=thearea, 
52 
In. d 34-8 
61xj10_ O - = 
214] 5 [20)8,7 - 24 __ Anſwer, 
14 472 41.7 214. 
04 1 | 
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By decimals. 


16,75 
6,25 
8375 
3350 d. L. 
T0050 10 = , 0418. 
104, 687 5 : 
8 140,0, the multiplier inverted, 
9) 628 


699 
1047 
41875 


4230 197 L. 


In the decimal work of this example, the multi- 
plicand 104, 687 5, is firſt multiplied by g, and then 
divided by 9, (rule p. 17.) becauſe the 3 lines 
of product may ſtand together. And the ſame 
practice is to be underſtood*in many of the fol- 
lowing examples. 4084, 

The area in the duodecimal work, is valued by 
aliquot parts. . | 
QuEsSTIoN III. 


There is a houſe with three tier of windows, three in 
a tier; the height of the firſt tier is 7 feet, 10 inches; 
of the ſecond, 6 feet, 8 inches; of the third, 5 feet, 4 
inches; and the breadth of each, 3 feet 11 inches; 
what will the glazing come to at 14 d. F foot © 


This queſtion is beſt ſolved, by adding together 


the heights of the windows over each other, and 
multiplying the ſum by 3, the number of rows; this 
gives a length equal to the ꝙ windows together. 

F 4 By 


* 2 A 2 . = 
— © ' PA 4 * „ LOR ——— 
WW 


_ * " if 
5 any \ LET 


I ww 
i Sr l 1 
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By duodecimals. 10 | 
Add { 6: J the heights. 
E b 
| TY 10 + 
Multiply by Z heights. .- 
59 - 6= heights toget. 
Mult. 3- 11 breadth, 
tan C50: 
_178- 6 
d. 233 0- 5 D area. 
556 2|5| 233 
ory 5 Oz 38 - 10 
I 


20) 271 10 4 
L. 13-11 - 103 Anſwer. 


By decimals. F 59,5 = heights together. 
| 32915 6 = = breadth. 
9) 3570 


1785 1 
233-0416 and 14 = 0,058; 
> 3850, o : 
9)_699__ 


77 
18643 


116521 
1 13-5940 


Glaziers 
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Glaziers generally meaſure their work to a quar- 
ter of an inch; and never make any allowances for 
round or oval windows, but always meaſure them 
to the greateſt length; for there is more trouble in 


cutting the glaſs to thoſe * than the value of 
the glaſs omitted. 


Nen 0 IV. 


What is à marble flab worth, whoſe length is 5 


feet 7 inches; and breadth 1 2 10 inches, at 65. 


* 
Buy duodecimals. | By decimals, 
2 9 5583 
11 1.8 f 
* : 1 - Ln. 16750. 
A | "18611 
Te 2-1 44666 
11;| 2-10 © 8833. 
i. p.] |. 19 10, 2367 
2.00%%% — 0,3 = 65. 
0.6}11-0 3-01- f 3,07083 
0.314] 3 Anſwer. | 
0.1] 14 - 34. 15. 5d. 
Os 
ol] 


| 
* 
J 
7 
l 1 
= 
. C 
bi - 
4 b 
= 
RT, 
q 
: 
[ 
] 
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II. Of meaſurements by the yard ſquare: 
as paviors, painters, plaiſterers and 


joiners. | 


In theſe works, the dimenſions are taken in feet; and 
the reſult given in ſquare yards, each of ꝗ ſquare feet. 


Hence divide the area found in ſquare feet by 9, the 
quotient will be the number of ſquare yards required. 


QuvuzsT10n'V. 


Dat will the paving a court of à rectangular 
form come to, at 35. 2d. yard; ſuppoſing the 
tength 27 feet, 10 inches, and the breadth 14 feet, 


9 inches. 


9 A 
* * 8 — IS mots ak =_ 
* 


— —— p — —— 
- 
= 


3 

4 By duodecimals. 27 10 
4 $70 24 9 
þ 20 10 6 
11 8 


9) 410-6 6 F. 3. 
5. d. 45 5- 6-6at3-2 


=> | | ds 
P — B on — . 

" * Wh — yy A 9 r — 

uo * * > r—_ * * 7 1 Þ . „ . " I 
4 | 
- of * . 

5 © 
1 


a | 2.0|rs[45 
f. i. p. * d. 1.0: "3-10 
3.0.00 B. 2. o. 23 2- 5 
3.0.0] HH - Oz 7- 6 
1.0.07} 4, 1 - 104 
©.6. 7 43 £. 7 4- 41 Anſwer, 
©-O. Or z - & . «= 
| — 
1-104 


By 
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By decimals, 27, 84 
1425 
139 16 

1943833 | 

1113333 

2783333 


9) 4% 4 „ . _£. 
45,615 746 at 3.2 = 0, 1583 
te” 
ta 9) —— 
36429 
22808 


45616 
L. 742225 


QuzsT10N VI. 


One has paved @ rectdngular court. yard 42 feet, 
q inches in front; and 68 feet, 6 inches in depth: 
And in this he laid a foot-way the depth of the court ; 
if 5 feet, 6 inches in breadth : The foot-way is laid 
01th purbeck fone, at 33. b d. & yard, and the reſt 
with 47 hid at 35. & yard; what will the whole 
come tg 2 


Find the value of the whole Court at 34 and 
the foot-way at 6 d. theſe valdes added together, 
will give the whole coſt, N 


F 5 6B 
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The court's area. 


42-9 


512 4-6 
2I- © 
136 
272 


9) 2928- 4-6 
325-3-4-6 


68 - 6 


9) 376- 9. 
41- 7-9 


The foot-way's are. 


kd hel. 
— 


yds. /. . . 2s 
325-_3- 4-6at3h 3--[3|z3=0 
32 - 10 4-][3j1 
16— 5 611 
1213 1 - 14 
£-48-16- F - 
yas. ＋. i. d. 3 1126 0 
26 13— 11 2 
120 6 [1 - - Tj 2 

SG 09- ' ,.Ox 

L£- 12 O- II 801 
— _— ; 9 

J. „ 


The whole court at 35. is 48 — 16 — 14 
The foot- way at 6d. is- 1— — 1x 


The whole coſt =— (C49 = 17 ="; 


Qu x 5- 
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What will the plaiſtering a teiling at ro d, vf 
yard come to; ſuppoſing the length 21 feet, 8 inches, 
and the breadth 14 feet, 10 inches? 


E 1 


By duodecimals. 


294 
4. d. g) , 4 
6 and 4 , 35- 6- 4-8 at 10 
("x7 - 6 
i 4, $3 Br. 7 
PS! , Ns 
20) 29 84 
Dr 
Anſwer, 11.95, 81 d. 
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By decimals. 


I 4,8 3 
2 1,6 
9) 8900 __ 
' 9888 
*. 
2966 | 
9) 32 1,3 $ "A 5 
3 5, 09 8, Sc. at 104, = o, oa 18 
110 
9) 214 _ 
2.38 
ER 7 
> 1420 3 


1,4878 


Plaiſterers works are principally of two kinds, 
namely, firf, works lath'd and plaiſter'd, which are 
call'd ceiling. Secondly, works rendered, which is 
of two kinds, viz. upon brick walls, or between 
quarters in the partition between rooms. 

In meaſuring rendering upon brick walls, there 
are no deductions made; but in meaſuring rendering 
between guarters, there is commonly a fifth part of 
the whole area deducted : But when rendering ba- 
tween quarters is whited or colour'd, there is com- 
monly a fourth or fifth part added to the whole 
area, for the ſides of the quarters and braces, &c. 

Note, Make proper deductions for doors, win- 


dows, &c, 
* 


Qo x 5- 
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* 


QvesmT'rton VIII. 


There is a quantity of partitioning that meaſures 
234 feet, 8 inches about, and 14 feet, 6 inches high ; 
but is rendered between quarters: The lathing and 
plaiftering will be 8d. FP yard, and the whiting 24. 
yard; what will the tobols come to? 


By duodecimals. fv | By decimals, - 
234 8 I. 12 = 2 3 4,6 
14-6 „ 435 

117 40 | | il . 1 117733 
ein ũ%⅛ :Qq .. 

3276 N 234966 

90 3402 = be 94492 


5) 78 0- 8'the area in yards. 53 2 84 7 4.6 
75 36 this 5 part deduct. 7 


378 - 0-8 to the area in yards. 3.7 8s 7 48 
75 5-6 add the 4 Part 75,6148 
453 6-2 gives the ar. whited, 4 5 3,6 8 8 8 | 


30² 
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302,4592 453,6888 

8 d. = , og . 2d. = ,008z C. 
10,08 1273 135 12296 10, 081973 
2 3629 5104 364463336 


3254453336 L. 13,72660636 


Anſwer, 131. 145. 6 d. the whole coſt, 


| In theſe two operations, inſtead of multiplying 

by 3, and dividing by 9, (as directed p. 17.) take 

Jof the multiplicand, which is exactly the ſame, 
but more expeditious, 2M 


"'Quvz3T10N IX, 


Suppoſe. a rom that was painted at 8 d. M yard, 
Bae... as follows : The height, (taking 1 55 cor- 
nice and mouldings) is II feet, 7 inches; the girt or 
compaſs, 74 feet, 10 inches; the door 7 feet, 6 inches, 
by 3 feet, 9 inches; five window-ſhutters, each 6 feet, 
inches, by 3 feet, 4 inches ; the breaks in the win- 
dows,. 14 inches deep, and 8 feet high; the chimney 6 
feet, 9 inches, by 5 feet; a chiſet the beight of the 
room, 3% feet deep, and 47 feet in front, with ſbelv- 
ing, at 22 feet, 6 inches, by 10 inches ; the Hutter, 

_ door, and ſhelves, are coloured on both fides:- What 
- will the whale come to- : 


113 


MENSURATION 


— — — - ? . a 2 
7 1 3 * 1 1,6 8 322 — — 866 bt Were 
The area of the 
7 GT once. 
he break 
60 +8 + 33 + 3,3 = =) 22,6 * I, 16 * $=132,f222 "ihe ”. » oo 
be door 
28,125 once. 
N 1 The Cloſet* 
(55 X 2 +. 77755 x 2 = =) 16,5 * 11, 583==191,125 3 area. oy 
3775 4 The area of the 


2 2. K N * 8 Shelves. 
Out of which 


The fac of theitim — |; 1366, 9027 deduct. 


6s =, = — —__ 3753" Therhimney's 


6,6 K 3 N 5 . 111,01: 


p= 2 


HSX 375 = — 


Then 1333-1527 = 148,128, &c, £ £3 then 


: : 148,128 5d.: 4,9376 C. Cr. 


7 


„03 


44. 185.9 


_ 
> 
—— 

= 


Painters 
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Painters take their dimenſions with a ſtring, and 
meaſure from the top of the cornice to the floor, 
girting the ſtring over all the mouldings and ſwel- 
ling pannels: and in meaſuring of doors, they ac- 
count the height and breadth of the door ſo much 
more, as in the thickneſs of the ſtuff; it being rea- 
ſonable they ſhould be paid for all places whereon 
their colour is laid. Their price they generally pro- 
portion according to the number of times they hay 
their colour on. © Wi. 


Note, There muſt always be made deductions for 
Chimnies, Caſements, c. if any within the di- 
wenſions taken, | 


QuzsT1oN X. 


Nat will the wainſcoting @ room come to at 6 x. 
per ſquare yord ; ing the height of the room (ta- 
king in the eormce and mouldings) is 12 feet 6 in- 
ches, and the compaſs is 83 feet 8 inches; the win- 
doto ſhutters each 75 feet 8 inches, by 3 feet 6 inches, 
and the door 7 feet by 3 feet 6 inches; the ſhutters 
and door being worked on both fides, is reckoned work 
and half work ? 


r —— 123 
2 12-6 3 221 4 a 
e 1046 10 = room. 13 
; — room's area, includ; og I098 - 4 = whole work. 
Y : e the l | 2 I, FL 
i 7 8 2 4.0 Ha- o- ate yard. 
N * 4 a | 3.1 4 | 4 d. 
2 3 KEE 2 " 2.0 _—_ 24- 8-0- 
> | — 27 122 450 | 
3 r 7 ha $2 5088 
> 2 Des = three REY ben 36-12 2x the * 
n 
2 — 


24 500 = door once. 


2) 105 - © = ſhutters and door. 
52 - 6 = half the ſhutters and door. 


= 
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Joiners meaſure their work in height with a ftring, 
and their length or compaſs upon the floor as painters 
do; for they fay, they ought to meaſure where their 
plane touches, -therefore they take the cornice and 
mouldings into the height of the room. 

Mete, They only take the cornice and mouldings 
in with the height of the room, when they are ſtruck 
with a horſe plane, (as they call it) but if they are 
wrought by hand, then they are paid ſo much * 
foot running meaſure. 

All ſtuff an inch and half thick and under, wrought 
on both ſides, is by them reckoned at work and half 
work; but ſtuff of greater thickneſs wronght on 
both fi des, is valued at double work. 

They make deduction for all vacancies that fall 
wihin their work; and window boats, Jofite board, 
cheeks, c. are meaſured by themſelves. 8. 


III. Of meafurements by the ſquare. As 
flooring, partitioning,” roofing, tyling, 
Sc. 1 


In theſe works, the dimenſions are taken by a 
rod of ten feet; ard therefore the reſult is in ſquares 
of 00 ſquart feet cach. 

Hence, divide the area found in ſquare feet by 100, 
the quotient will be the number of ſquares required. 


Aus s TTLON XI. 


Suppaje a houſe of: three flories, beſide the ground. 
floor, was to bs floor at Gl. 10s. q ſquare; the peut 
meaſures 20 feet 8 inches, by 16 feet q inches; there 
are 7 fire places, whoſe meaſures art; * each of 5 
feet, by 4, feet 6 inches; two other, each of C feet, by 
5 feet 4 inches; and tiuo, each of 5 feet 8 inches, by 4 
feet 8 inches; and the ſeventh, 5 feet 2 inches, by 4 feet; 
and the tuell. W the fairs, is 10 feet 6 inches, by 8 
feet 9 inches; what will the whois come to? 4 6 
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33 8 

2 4--8 
32 7 
22 8 
26+ - 5= -'4 


20  52-+10- -8 
16-0 - 
5 : 
3Ja6 - 2 1 * 
1384 8 the ares of the f> 


ENSURATI ON. 
=] 


3 


- 5 - = 4A. 


— 


— 


— 


23 4 


* Anſwer, 53 - ©4Y,- + 3& 


— 15 ter /quare- 


14 


— 


ur floors, 
o 8 the bea of the dedudt,, | 
7- 4 the area of the work. 


"4g +2 10- 6 - 
" 4 9 20 — 
en 7 1608 © 
| ii 
4 the number of floors. 
367 - 6- o the well hole. 


54 - © - © the firſt chimney, 

64 - o o the ſecond chimney. 
5210 8 the third chimney. 
20 8+ © the fourth chimney, 
ccd the whole deductions. 

Aa — = 


[-” "ors. 1 . | | „ 
10-4 8 my 25 f. E 1140-0 
5 | * 4: freÞ1 ; 12-6 

$3. 19 533. I 2: 78 
S572. 42-131 14 

t - 13-35 2 X 

£+- 53513: 3 1-13- 3x 
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In flooring they deduct the hearth-ſtone, except 
it has a border round it; and then the hearth is 
meaſuted in with the floor. 

Qs s Tron XII. 


In 173 feet 10 inches in length, and 10 feet 7 in- 
ehss in height of partioning ; bot many ſquares f 


By duodecimals. By decimals, 
3732 30. 473 3 
10 / 28 5,0 1 | breadth 
101 4-10 | ——2 inyerted, 
— 9) $2 _ 
g00)1839- 8 -10 KS 
D 1390 
18 44 —8 — 10 8691 


113933 Ars. 
100) 18 39,7 2 (1 8,397 2 


In rogfing, tyling and ſtating, it is cuſtomary to 
reckon the flat and half of any building within the 
walls, to be the meaſure of the roof of that build- 
ing; when the ſaid roof is of a true pitch. 

Note, All roofs are faid to be of a true pitch, 
when the rafters are à of the breadth of the building. 

If the roof is more or leſs than true pitebh, they 
meaſure from one fide to the other with a red or 
ſtring, 


Qu E $s- 


21 


119 
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QVvEST10N XIII. 


8 By duodecimals. 8 By decimals. 
wo SD 30 - - 6 the breadth of the building 3 o, 5 
28 I; - - 3 — the half breadtn— — 15,25 
SID 45 - - 9 — the breadth of the roof —— — 4 5,7 5 
S 2 5 2,6 
8285 306220 922430 
> Aa 39 --0 30500 
823 90 15 0 
* 258 5 #2075 
2 22. 100), 2409 - = 6 _ too) 2 4 0 9,5 
8 8 S „F fe i 5: 4. | 2 4,0 9 5 r.. 
8s  S 10.004 [24- 9+ 6 at 10 - 6 per ſquare, 2525 * 
SEER + 0.6/5|12- 6 7 120475 
E S | — 12 5 and 48190 
SDS The --- 11} rA 
I 12 - 12 - 114 120495875s 
88 — 
2 8 Anſw: 12 J. 125. 114d, 


2 
= 
2 
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There are other works about a buiiding done by 
the carpenter, that are meaſured by the foot run- 
ning meaſure ; as cornices, doors, and caſes ; windony- 
frames, lintels, guttering, ſommers, ſeirt-boards, Qt. 


In the meaſuring of roofing for workmanſhip a- 
lone; they generally deduct .the holes for chim- 
ny ſhafts and ſkylights, if they are any thing con- 
ſiderable. 


But meaſuring for work and materials, they com- 
monly meaſure in all u bes, lut heren lights, ard 
holes: for the chimney ſhafts, for their trouble and } 
waſte of fuff; excepting ſuch . lights as exceed 
nine or ten feet in area. 


- 


 QuvzesTIonN XIV. 


What will the tyling a barn ceſt, at 25.5. 64. & 

uare ; the length being 43 feet, 10 inches, and 

breadth 27 feet, 5 inches on the flat; the eaves board. 
projetting 16 inches on each fide ? 


- 


% 


MENSURATION. 


12T 


% 


* 


* 


> | By duodecimals. | By decimals. c 
27 - 5 — the breadth 2 74 146 
3- 8 6— the half breadth 13,7 0 8 4 
1-4X2= 2 8 — . the eaves boards doubled — 2, 6 6 5 
Ne 43,7916 | 
43 10 -O e 38.3 4 length inverted. 
36- 5 11 0 91314 
I - 9- 6 22 l 460 
32- 3 25 -6 =1,275 35033 
129 4 1 3 1 375 
»; Ws 1.7 51.666 favs. 
CE ESL 100) i9Tg330(19.1g9}34 
J. . i p. „ 4. | 5 3ST I +: Jad 
Pats 19 -19- 6 -F at 25 6 per ſquare, 191953 
5.4, HA. . d. 38390 
5 ]x1'9 10 4 2312S 13437 
o 8,4) 4-15 ß [© 5 42 44 250 
ä 9 61657 IS, 31 2 4.4 * 4+ 
4-2 = '3Þ1 of — 
Anſ. L A c 54 A . * 
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* Note, When the ridge of a roof forms an 
angle, then the tiles coming from the ridge to 
the eaves make an angle alſo; that angle of the 
roof, which bends inwards, is alled a valley; and 
the angle bending outwards, is called a Hip; and 
in tiling and ſlating, it is common to add the length 
of the Fallies (meaſured from the ridge to the eaves) 

to the content in feet; ſometimes the Hips are added: 
In flating, it is common to reckon the breadth of 
the roof 2 or 3 inches broader than what it meaſures, 
becauſe the firſt row is almoſt cover'd by the ſecond ; 
this is done ſometimes when a roof is tiled. 

Note, Skylights and chimney ſhafts are deducted, 
but they ſeldom deduct luthern lights (or garret win- 
dows on the roof) for the covering of ſuch, they rec- 
kon it equal to the hole in the roof. 


IV. Of meaſurements by the rod, as 
brickwork 


In this work, the dimenſions are eſtimated by 2 
rod of 16; feet : and therefore the reſult is in ſquare 
wy of 272; ſquare feet each, 


Hence (for practice) divide the area found in ſquare 
feet by 272, the quotient will be the rods required. 


Note, Bricklayers always compute or value their 
work at the rate of a brick and an half thick; and if 
the thickneſs of the wall happea to be more or lets 
than ſuch, it muſt be reduced to that thickneſs as 
follows: 

Multiply the area of the wall, by the number of 
halt bricks the thickneſs of the wall is of; divide the 


product by 3, and it gives the area, 
Qu Ez 5- 
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I Qu E 8 T 1 O N XV. n aun 

E 7 78 1808 " Dre on 
Hau many ſquare rods. are there: in a wall 6a; 
ſtet long, 14 feet, 8 inches high, aud a; bricks thiek 


. = 
i 


£ "0:95 
By duodecimals. plats: + | 
MS © 33 - : 
25 6. 8 1. 1 I 
2 14 - 0, 


*c db 1 099 1 eee 
r. a DS 5 -167-9-4 


And. 5-167 9 ͥ 4 


* 


By decimals. 
N gg. . +: N 
| re 420 97 re ies es 
9) 3750 _ FD 
4166 
* 4. - 8 
272) 9 1 6,6 (3,3 7, Sc. rods. 
1 5 
3) 1 6,8 5 
5,616, &c, 


G 2 In 


oer oy * 
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In meaſuring_of brickwork, they are very care- 
ful in regard to theirallswances; for one foot ſquare 
in the front is commonly worth ſixpence. 


In great buildings, tiey often deduct the timbers 
laid in the walls; -bet«this- is only when the- work- 
manſhip is very good; for in general, it is allow'd 
in; becauſe they recken,the:time they wait on the 
carpenter, together with the bedding of thoſe tim- 
bers in mortar, is equal to the brickwork that would 
ſupply the timbers place. 

8 \ oy 18 . | * 8 

Q Es T ION XVI. 


— 


r 

Suppge the fide walls of an houſe to be 28 feet, 10 
inches in length ;. and the height of the req from the 
ground; 57 fret, 8 inches; and the gable (or trias- 
gular part at top) to riſe 42 tourſe of brich ¶ uecton- 
ing 4 courſe to a foot), Now 20, feet high 35 24 brit: 
thick; 20 feet more, at 2. bricks thick, it feet 8 in- 
ches more, at 1+ brick thick ; and the gable of 1 brick 
thick; what will the whole wark-came to at 5 l. 165, 


rod? N 


* - * 4 : * 2 
- + 
- — 
= = 
4 . 
4 — 


* . „ it _ od 
OLI Reap vs FR wee a. \ 20 .- b PRC Ls — _ \ — 


% 
0 


Enn n | 3 3 8 
42 = 20,5 the height of the e, its balf is 5,25 feet, '© | 2 "0 


352 2 3 8 n 18.846 > 
S 2 

S470 

- "SI SCE 

44 1441666 


1 25 


** 


* 


| 


13 91) HRO: 


Fe) 

— 

(9D) 

0 

8 

4 

— 1 
1 
* 

Ws 


= > > A8 272 58 : 22 Pay 


1 . I 37 


MENSURATTON. 
» 
Go 
0 
GS, 
189 
0 
8 
on 


% Abies 98 i : 


I . N — 2 * 25 - * _ a oh 8 : * 
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In all buildings, the thickneſs of the walls gene- 
rally decreaſe as they riſe; and if is uſual to ſet off 
half. a brick, at each decteaſe: "The thicknefs is com- 
monly ſet off on the inſſde, aud that in a place 
where a floor will come, ſo that the ſet-off is there- 

by hid. 

It. is common to build from a baſe 4 courſe of 
bricks high, and which projects two or three inches 
on each ſide of the wall. 

The different thickneſſes are FOO * 
and reduced each to a brick and an half thick; and 
then added together.. 

To meaſure a chimney ſtariling' by itſelf, with- 
out any party-wall being adjoined ; girt it about for 
the length, and reckon the height of the ſtory ſor 
the breadth : The thickneſs muſt be-the ſame the 
Jaumbs are, off, provided that the chimney be 
wrought upright from the mantle-tree to the cet 
ing; not deducting any thing for the vacancy be- 
tween the floor (or hearth) and the mantle- tree; 
becauſe of the gathering of the breaſt and wings, 
to make room for the hearth in the next ſtory. 

If the chimney-back be a party-wall, and the 
—_ be meaſured by itſelf ; take the depth of the 
o Jaumbs, and the length of the breaſt for a 
A, and the height of the ſtory is the breadth, 
at the ſame thickneſs your Jaumbs were off. 

To meaſure chimney ſhafts,” or: that part which 
appears above the roof; girt 1 Bia with a line, a- 

bout the leaſt place for the' length; and take the 


height for the breadth; and if they be four inches 
thick, ſet down the thickneſs at one brick work; 
dut if they be wrought nine inches thick, (as ſome- 
times they are, When they ſtand alone and high, 
above the roof) reckon the thickneſs at a brick — 

f, 
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half, in conſideration of wyth and pargetting, and 
trouble of ſcaffolding. 


It is cuſtomary in moſt Mee to low ten 
meaſure for chimnies. 


More Exaur ks, to exerciſe the. Jaregeing 
' PROPOSITIONS, 


N. B. The areas of paralle)Jograms and rriangles, 


being divided by one of their a will give 
the other dimenſion. | 


Qu 257108 XVI, 


Wat di een ce ii there between 4 floor 48 feet 


Ing, and 30 feet broad; and * ne at e 
the dimenſions ? 


Now 48 30 14403 and 24 5 15 * 22 
7203 but 720 is half of 1440. 


Therefore any hve figure, whoſe linear dimen- 


ſions are double to the dimenſions of another like | 


hgure, contains four times the area. 
Aus 110 XVII. | 
From a mahogany Plank 26 inches Broad; a yard 
and an balf in area is to be ſaw'd off; what d;flance 
from .. n 


Now x: yards area = 13: ſeet area. 
Aud 26 inches = 2416 feet. 


G 4 


"CI r ly by _ 
— 5 

SOLE þ = 

—* e — 


— Þ» _— 3 1 — p< 
"= Br x 0 o 
PIR A fp — a n 
er 
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Then 3H — 6,23 feet, the diſtance from the 
end the line muſt be ſtruck. 
QvztsT1ionNn XIX. 


A joift is 8! inches deep, and 34 broad; I want a 
feantling juſt as big again, that ſhall be 4; inches 
broad ; what will be the other dimenſion 


5 975 
4775 


Now 8,5 X 3,5 X 2 = 59,5; and 
12,52 inches deep, the anſwer. 


QuEsT1IOoON XX. 
I T have a girder 19 inches by 13; but one that bas 


but a quarter of the timber in it, ſo it be 10 inches 
deep will ſerve my purpoſe ; bow broad muſt it be? 
N | 

Now 19 X 13 = 247, and 45 = 61,75. 


* 


— 


- A. > . 1 | 
Then 24 = 6,175 inches, the breadth, 

Ys x0 4.024 2:47 
QuztsT1ion XXI. 

BE . Dos er * 

A rf is 24 feet, 8 inches, Iy 14 feet 6 inches an 

the flat; and covered with lead at 81h to the fort ; 

wheat will it come to at 18 5, M Cut. 


— 


s . 4. 


b 4 4 7 K 
* 4 ©V — „ 
. , Now 


MENSURATION. y 


Nor 24,1 X 15 2 3575 f. thee area. EY 
And 8 15 = 0,07 1428 Ct. 
Then as 1 f. WIS eds 2 357 Þ 
25,5473 Cwot. 
hen 8 1 2 : 99 £: 2 25,8473 Cer: 
22,992 4,0 NN 
Or W r 1004 i be cn. eee pls 


Quv 2 ien 3x. Sond 


A plumber made for a maſon aleaden ern, every 
fut ſquare whereof weigh'd 19 1b at 195. Lot. 
the dimenſions were 81 inthes long, 46 inches deep, 
ond 36 inches broad; with tbres ſtays ac e tt 
ſame e, and each 18 -inthes ep: For roBich 
the maſol was to pat with Purbeck Pane, 4 7 
fort, a fquare pavement, that fhould iu "baWnte the 
of of the ern; what ay the fide thereof be 55 


Now 81 + 2= 117, which N by & dives 24h 
= the length of the two ſides and two ends; or the 


girth of dhe ciſtern ; ; then. 224 & 40 gbr in- 
ches, the area of the ſides and end: And 81 x 36 


— 2916 inches, the area of the bottom: 


Again, 36, the length af one 175 * by 18 the 


depth; gives 648 inches, which & ess 7 0 
1 


7 the area of the ihres fur en 1 


+ 2916 +944 = 15624 thches, the area o = 
whole ciſtern and ſtays. 


Note, 19 15 =, 0,1696, c. Cw. 


W as 144 /7. in: „1696 Cwr. : : 15624 /7. 
18,40 16 Cwt. The ſhorteſt way to work 

by proportion i is, divide the third term by the firſt 
— gives 108, 5, and X the ſecond term by this 


3 quote, 


= w <® 
i Fa _ = 
—_— 2 , — JK. - 
f Fw pp Sq — — - 


=. a = "BI 8 Fa bu —_ — 
1 A _ IIDEEP —_—_ 2 — 
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quote, gives the fourth term, which is the weight 
of the ciſtern. ay 4X _ 

Then if 1 Got? : „95 C. : : 18,4016 Cur, 
17,8152. = 17 £. 95. 7; the expence that the 
ciſtern does amount io: 

Therefore, as 03145 C. 1 f. : 7748152 K. 
559, 408. f. the atęa of the ſquare; and extracting 
the ſquare root, will give 23,65 f. Cc. the fide 

fo A 77 wy. 74 0239 0 = N * 7 pe 5 

Qs s TI O v. XXIII. *⁴ 

There is 4 fleight of iron railing 2 feet lang, th: 
hors whereof are 5 of an mh fſqugre, and thi wh: 
weight is 12 Ciot. which is to be changed for ſome 


that are inch and + ſtrong, exchange at $4 d. ot? 
what will the whole come to ait 


Now as the ſtrength of the bars are expreſſed by 
the areas of the ends. ',, 1 7 
| tot. 1 Ctot. 


* Ar. * Ar. 
Therefore 0,75 : 3,24: : 12,75 : 67,68, 


Sane. bak at Od {i +: 
£. 289. | . | 1 8 DV l 
ah 
Then- 1: 2,1 : : 67,68 : 142,128, 
Or the expence will be 142 C. 2 7 l. 


= * 
„ 


Qs. 


MENSURATION. 5s 


4 


Qu zs TI XXIV, —- | 


A triangular feli that is 1777, links in the baſe; I 
and 900 links in the prada Li Lg brings in 26 (. J 
annum How much is it bit for ace 2H 


Now 177 X > = 800000 ſquare links the 
800000 _ * 
100000 Acres. 0 3&8 


— 


And 


Then (F= 45 L. = 41. 205. the rent of! 
re. * | | N * 


$38 -FT4S 1 
ito) EL ene 
Qu Z sT 10% XXV. | 


If a man tan mow the grafs flanding on „ ſnare 
rad in one minute: How long will be be in mowing 
« meadow whoſe length is 728 yards, ana bregdth 
358 yards, fuppoſing him to wark 14 hours q day? © 
Now 778 x 358 = 260624 yards. | 

Or 8615, 669 ſquare rods. | 


Then 8615, 669 min, = 10 days 3 b. 3 min. 


G 6 S EC- 
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ATTY » | 
a . 
Weg 2:5 2 te n+ & > ah 
3 . 5 ' * w * 
= WW ALES. L 4% 4 4% I = . & % 


0. drt 

Of the arets cf divers ri gbt-lined figures. 
ERIN dn BW eas. ons 

PRO POSITION II. 


2 8 
Grten the three fedes of a triangle; 10 find the 
s 
5 RULE 
| mor a74 55» ; 1 
ROM half the ſum of the three ſides, ſubtraR 
each ſide ſeyerally ; let the half ſum, and the 
three differences, be multiplied continually ; the 


ſquare root af the product will be the area required. 


dame. 6 «2 welt Dd Rik bo. 

N L667 , | Y 
übe fides of a triangular field are 15, 14, 13, 
perches ; what is the content of that field. 


Now ſum of fides =. (45 +14 ＋ 23 =) 4 
e + +4 Sh : 
And 21 15 = 6; 2I—14 = 721-43 =®: 
Then 21 & 6 X 7 x 8 = 7056. 
And the ſquare root of 7056. is 84 ſquare perches 
the area required, © Se 


E x- 
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A field of a triangular farm, hoſt ſides are 380, 
420 and 765 yards, leiti fer 554.34! acres bm 
much does the whole Songs in * annum ? WUD 
* 
Now 380 ＋ 420 +. 765 = : 1565: 
And . 782,5 yards, the half furh of th I 


three fi hs. 
And 782,5 — 380 = = 402,5, the firſt difference, 
2 782,5 — 420 = 362,5, the ſecond differ. 
782,5 — 765 = 17 the third difference“ 
Alſo 78 2,5 X 40 2,5 X 36275 NM 175 
— 1 1 10, 9 37 5, whoſe ſquare root is 
44699, 34 ſquare yards, c. which divided by 
4840 (the ”=_ Pom in one —_ 1 * 9.2374 
acres. 
Then, as 1 acre : 2,75 — : 1942374 acre 
: 25,40285 C. = 25 £4.85. 9x6, che rent of 
whole annum. ; 


1 1 
PROPOSITION I. 


Two fides of a rigb. ey triangle being given, 
Pl find the other, fide. 


4 v% 11 @lard Eh), oo; 7 woke . 


The two W Gdes (or legs) deing) gia , 


ven, to find the other ſide, or hypothenuſe. Ng 
25s 
Zet bes tent e 8 oH 


1 
RULE. 


| 7 5 . EX, 
s \ ” 
K Wpyy ts 


me A ee of) 
. RULE. 


Square each fide, 40 the ſquares together, and 
the ſquare 1 root of this ſum gives the lypathenuſe re- 


wed. . 
E: CASE Il. 
If the hypothenuſe and one /eg be given, to find 
the other 9. 
RULE. 


From the ſquare of the byporhenuſe, ſubtract the 
ſquare of the given g the ſquare root of the re- 
3 gives the ig mint. | 


EA 4 I. 


Wind 4 th — o of a _ that Jen 14 
tet from the upright of a building, may fupport 4 
of 20; feet from tbe ground? ; 


Now 20,5 X 20,5 = 420,25; and 14 X = 
196.; then 420,25 ＋ 196 = 616, 25 whoſe 
ſquate root is $ 24,02 feet, GC. the length of ths 


A 


\ EN Aur TIE II. 


A line of 380 feet will reach from the top of a pre- 
eipice that flands cloſe M brook fide, to the oppoſite 
427. And the precipice is known to be 128 Jeet 
bigh ; how broad is the brook ? 


Now 380 380 = 144400; and 128 x 128 = = 


10304 ; then 144400 — 16384 = 128016 ; whoſe 
ſquare 


- 
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ſquare root is 357,79 feet, * the breadth of the” 
brook required. 


| ExAMPLE nm * 


4 ladder 521 feet 4 — te k Nac in ina ay 
that it ſhall reath a windawi 29, feet from the ground 
on one ſide; and by turning t'e ladder ot er, (with- 
tut removing the faot,) it will. touch: a moulding 40 
feet from the ground on the ather On ; bow broad it 
the flreet f 


Fin, Sa, 5 * 52.5 = 2756, 253 and 29:0 29 

= 841 wen 2756,25 — 841 = 1915, 25 whoſe 
ſquare root is 43,76 feet, the breadth between the 
ladder and building the farſt ſituation. 

Secondly, 40 X 40 =,1600; and 2756,25 — 
1600 = 1156, 253 whoſe ſquare root is 34 feet, 
the breadth between the ladder and building, the 
ſecond ſituation. 

| Then' 43,76 + 34 = 7756 feet, the breadth. 


I 


PROPOSITION v. 


75 find the area of am trapezium, the di 
and perpendiculurs let fail thereon from the 


ppeſuve angles, * given. 
RULES « 


aponal, + 


r. Multiply the giren diagonal by the 8 0 


the perpendiculars, and take half the product. 
8 Multiply the _ by half the ſum of 
the perpendiculars 


3 


- 
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„3. Ot, Multiply half the diagonal by the ſum of 
the perpendiculars. 


4. Or, Find the area of each rriavgle, and take 
| their ſum. 
91 — Either of theſe rules will give the area required, 


ban | E 1 1 2 1. e 


| —— is — ares o/ a trapezium, whoſe diagonal 
is 34 feet, q inabes, and the ſum of the per pendi _= 
is 28 feet, 6 inches? 


-Nowthalf of 28 fl 6 inch. is 14 f. 3 in. 14, 28 f. 
"And 345704925 = 495.2875 feet, the area. 


E A x IL. 


4 2 — — en ABCD, the four 
Bonds 2, b, ic, d, prevent the meaſuring of any other 
lines than the diagenal BD, which is 378 yards; thi 
laue BC =1220 yards, ed be e AB = = 265 yards : 
But it is known, that the perponditular CE will fall 
I0O yards from B; and the perpendicular AF falls 70 
yar 251 an D. Required the area of that meadow ? 


. Firſt find the perpendicu- 


ee CE, AF; by prop. IV. 

en Thus 2650 265 70225. 
: And 90 X 70 = 4900. » 

B : And 70225 — 4900 = 


+ 65325; whofe ſquare root 15 
255 , &c = 830 
Again, 220 N 220 = 400. 
G., Ace > des 20000 a 
"A In Then 48400 — 19900 = 
| 38400; who are root is 195,954. Se. = AF. 
11 2 And 


E NSU RAT TON. wh 


Ang 55:57 + 295995 — 225,76 the half ſum 


of the rn 


Then 22570 X 378 
4840 


= 17,032 acres, | 


PROPOSITION VI. 


To find the area of a trapezium havin ped Aer 
parallel; thoſe fides and their e 
diſtance being known. 


- Cx 
: fr E728 
3 3 o * 


RULES. 


Multiply half the ſum of the banale ſides by the 
breadth. 


Or, Multiply the ſum of the parallel ſides, by 
half the breadth. 


Or, Multiply the ſum of the parallel fdes by. 
breadth, and take half the product. | 
Either of which will give the area 4 


LGW 7 SS 


What is the arta of a trapezium, bavirig two p- 
rallel fraes, the ane 180 links, "the abe. 1205 e 
whoſe breadth is 80 links ?. | 


Now 180 4+ 120 K 5 = 12000 ſquare links, | 
And 12000 ſq. 1..= © ac. © r. 19 p. the area. 
L r \ < —_ _ 


PRG 
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PROPOSITION YI. 
To find the area of right-lin'd irregular figurcs, 


Divide the figure into as many triangles as may 
be, by drawing lines from any one angle to all the 
other angles; and the ſum of the areas of the ſeve- 
ral triangles will be the area of the figure. Fig. 29, 

But the lines (frequently) may be better diſpoled, 
than dy dtawing them all from the ſame angle; 
diz. by dividing the figure into trapeziums, as ma- 
ny as may be, and leaving as few fingle triangles as 
Poſſible; for the area of a trapezium is more expe- 
ditioufly obtained, than the areas of the two trian- 
gles which compoſe the trapezium, found ſeparate- 
ly. Fig. 20. | 
Mere, All right lined figures may be divided into 
as many triangles (without any of the 'div:ding 
lines cutting each other) as the figure has ſides, a- 
bating two. 


Ex AMP IL 2. 


Suppoſe a meadow, an irregular figure of 8 fide, 
aunbich is let for 34 ſhillings & acre ; upon the men/u- 
ration is divided into three trapeziums : Tu the firft, 
the diagonal is 4 chains and 24 Ants and the ſun 
of the perpendiculars is 3 thains 67 links ; in the ſe- 
and, the diagonal is 7 chains 47 hnks, and the /un 
of the perpendiculars is 5 chains 38 links ; in the third, 
the diagonal is b chains 78 links, and the fum of ble 


perpendiculars is 4 chains 84 links ; what will ttt 


; Whole bring in annum? Fig. 30. 


Now 


MENSURATION. 439 


Nee 26 L. = 424 L. amd 3 C. 67 L. = 
397 


Then 367 > X — — 77804 Z. the area of th 


frſt trapezium. a 
Alſo 7 C. 43 L. 2781. and 5 2 36 Z. = 
939 K . abel 


Then 743 x ? 15986 L . ſec, 


Agnn, 6 C. 75 T. = 2 678 L. e 84 L. 
— 484 L. 1 371 


And 678 x .. U. 4 1606 Ls the: area "bf the 


5 


Po. | 756040 + 190857 | nb £44574 2 
= 441747 acres, which at 345. = 1,7 & comes to 
7509699 L. 74. 105. « 256, the anſwer. _ ? 


oo lomo om eogngota cr ea 3 oor wo wy — 


PROPOSITION vat | 
The þ: e of a regular polygon, its pepe fe 
diſtance from the (centre, and the number of 
Ades being given; to lud the area of that po- 
Eon, l. TR x e 


RULE N big 


Mutiply half ide fan: of the ſides by my per 
+ 
Or, Moltiply che ſum of the ſides dy half the 
perpeneiewlar: 975 1 2 
Ot, Multiply the ſum of the fides by the rer 
peng cular, and take half the product. 
„en of theſe tules will give the area. 


* 2 
o 


E K 
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centre to one of its ſides, is 17, 2 14rd. 
3 3.25 LS Ad 


- j 0 'F n 
—— > w—_ 4 89 * of STE. + + 


| # ® . | . 
1 Th | — * 1 0. 
— » f I 


Then 222 X 17,2 gn 


' 
C 


* Lo 0 


+ $33 1© DIE $407} "17,2 — n We. 
or as x5 X 75 = 1975 ſquare yards, i 
O. 2SX 5X 1722 to ares . 


* Y vo A * 4 2 * . » , * ——— ** * (3 '$ F 
* 891 7! — — \ — 4 MY A % . So © +> 
% 


The ſubject of regular polygons, will de ore 
renn, 
63 82.5 A | .VY 


— , : . a — 
| 0 = : : k SY 4 n 3 +. | - 
- _- a 
= 
AY 3 2 * 1 Ty — , | f "4 
e bi 4 „4 92 ® 88 „ kd «@ *-F"\ —— N * 8 


7 — — 


K 


MY WworTre0' 0-1-4 
S E GTI ON VI. 


* * A © 


— ( * 5 1 9 } K 3 
circle and its parrs. 
i \ * a * | g = N 4 BY" 0 . 


\ 


9 


— 


W is no figure that affords 4 greater 
number of uſefuliptgpetties than the circle; 
but the baſis of theſe depend on knowing the rela- 
uon whictr the diameter has to the circumference. 


Tube determining of this proportion has exetci- 
ſed the thoughts of ſeveral mathematicians, both 
_ ancients and moderns; Some, iti expeRtatibn, of dif- 
covering the proportion accurately; but herein they 
always failed; for it has been demouſtrated, — 


9 
= 
Fr, — 0 
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the relation (ofthe diameter to the circumſerence, is 
not to be expreſſed in knomm meaſute: But others, 
more knowing, have contented themſelves in pe 
bun thiprelativn. - „ COL [63 0023-44 .\ 
9 | 
{rchimedes 8 proportion is in — numbers, VIS, 
of 7 to 223 that is, ſuppoſing the diameter of a cir- 
cle ta he ; he found the cireumference of the ſame 
arcle tobe —_— for $2.10 much! 411 
i na(ll 10d none do Addo n en ES 
AMitius found out a proportion 0 113 ene 
that is, ſuppoſing the diameter of a cirele to ber 
113, he found:;thercircumference ofthe; fame! cir 
cle, 355 nearly ; but it is alſo too great, tho much 
nearer the truth an wur d noir tet dT 
Dubsb oz Vs ei 2 ebacluifd doe Said nett 
\VanoCalen's proportion bs much moro — 2 
rate than any before hisotime ; for hem ſuppo 
ſing the diameter of a circle ta be 1, found; (With 
prodigioug· lab ur and trouble) the cirdumferenee to 
be 3,14 b592653.5897932384..0264.338 327:950288! 
which. was ;thonr:chooght ſo great as work, and fob 
curious a performance, that the numbers Ware h¹ν,ẽ 
on his tomb · ſtone in the church-yard of St. Peter's 


at Leyden (as related by ſome.) 


But by methods which the moderns are poſſeſſed 
of, the ſame thing (and many others of a like intri- 
cate nature) may be perform'd with abundantly leſs 
labour and trouble; as is ſufficiently ſhewn by that 
excellent mathematician Milliam Fones, Eſq; in his 
nis palmariorum mat heſeos, where he gives Mr. 
Machin's proportion of the diameter to the circum- 
ference, true to 100 places; that is, ſuppoſing (as 


Van Culen did) the diameter to be 1, he found the 
circum- 
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circumference to be 3, 141592653. 5897932384. 626 
2 e825 .1693993751.0582097 494. 4 
592307816. 40628 62803462:"53421170 
67.9 + true to 100 places of figures, and that com · 
puted in very little time, compared _ the me- 
thods 0 dy the ancients. 


The proportion of Van Culin is now . com- 
ay uſed, and ſeems the beft adapted to practice; 
as it faves the trouble of diviſion: but then it muſt 
be ohſerv' d, that it is thought accurate enough, in 
moſt practical affairs to uſe the number 3, 1416, the 
—_— ee eres arte 


The relation between the diameter und circum- 
ference being once eſtabliſhed, it is eaſy to deduce 
2 great variety of uſeful properties, relating not only 

to the circle, but alſo, to its circumſcribing-and in- 
dd regular polygons; ſome of the moſt applica- 
ble to practical meaſuring, are contain'd in the en- 
ſuing pages; wherein, the computations are conſi- 
detably facilitated by the dn of ont n 
in r er " 1934 


[! 


I\ 
O 


GO 


rere 


4 
=> 


S 3 


MENSURATTION. 


=] , 5235988 


o, 3026991 


, 6366197 


=| 1,27 32395 


0,0795775 


143” 
A TABLE of uſeful factors, wherein p repreſents the 
circumference of a circle whoſe diameter is I. ' 


| 31415927 
= 6,2831853| 

12,5663706 
| 


1,5707963 

| 07853082 

F | 
a 


, 2677994 
— o, oo8 7267 


= 0,3183099 


P, o506605 


43 


o, 707 1068 


124420029 N 
— 2221441 5 
o, 2250791 


Ape, 4801581 


. 


* 38 


| 
0,8862269 


1,2533744 


f ad >; 
0,56418957 


1,1283791 


P. 2820948 


29, 8696044 


P, 1013210 


— 
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polygons; whoſe number of ſides do 
"be-fide of the polygon. 


ps 


2d” Tbe radius. of. che eit | 
Then any one ot theſe four quantities being given 


TAB. I. When the ſide of the polygon is T. 


To B. II. When the radius of the circum. circle i is1, 


: 
f 


— N. ne KL. re] = TRY 


— 


a. 


s, (circu, Circ. ſinſeti. rc. 


; 1 0 


TE: 02886751 
07 logo, ooo 
o,8506508/010 '0,0881910 
1 ,0000000 o, 8660254) 
I 1523825 1,0382617 
| 1,3065630 
19022[1,37 37 387 
186340, I 19305415 
[27747329 r, 7028 437 


l 
6,1818242 


123185 16/1 200025418 


„433027 
"1;0000000[ 
1,7204774 
2,5980762 


3,6339124 
4,8284271 


756942088 
9,3055944 


— —8 


11 21901524] 


| Numb: Length of Rad! of the], The d 1 
| fades. | the. ſide. inſcti. circ. 1 
* 1 20 ot o, Soo OOO 1, 2000381 f 

5 4 1,4142 1360, 707 10682, ooo, 

5 1,755705o, 809017002, 3776412 
6 10000000 o, 86602542, 5980762 
7 ſo, 867767 40, gong, 7 364102 
8 jo, 65 36680, 92387952, 8284271 
9 o, 6840403 0,939692612,8925437 
10 ſo, 61803400, 95 105652, 938926 
n 58835 953894535 2,7352500 
12 10,5176381/0,9059259|3,0000000 


— 


Put N S tabular number of any column 


„ 
* 


nol 


MENSURATI 


Tas, III. When the radius of the inſcrib. circle is 1. 
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not exceed 12; if there be confidered, 

3d. The radius of the inſerib'd circle. 
4th. The area of the polygon. 
the other three are readily found by theſe Tables. 


inn; 


Numb. | Length of Rad. of the | 
of ſides. the fide. {circum. cir. The area. 

| 3 [3-4041016|2,0000000[5,1961524 

4 2, ooooooo ae 4, 0000000; 

183 1, 453085101, 236068003, 6327 128 

6 [|1,1547005|1,1547005|3,4641016 

7 o, 963149 10, 109916003, 37 10222 

8284277 082391903, 3137084 

9 [9,727949511,0041770\3,2757315] 

10 o, 64983941, 5 1452203, 2491970 

| 11. j0,587252111,042217213,2298913 

| 12 [0,5358984|1,0352760[3,215 3904 

Tas. IV, When the area is 1. 

Numb. | Length of [Rad, of the[Rad. of the 

of ſides. the fide. |circum. cir. I incrib. circ. 


1,51967 16j0,877 3827 
1,0000000[0,707 1068 
0,76023870j0,0485251 
o, 2040 3300, 6204033 
o, 524581300, 6045 183 


ſo, 402 19960, 5879764 
o, 32676170, 5799148 


o, 45508990, 59460340, 5493420 


2288888002822 


0,5000000 
0,5246678 
0,5372849 
, 544552 | 


0,5525 172 


0, 3605 106{c,5833184(0,5547687}_. 


[04386912] - 


0,5 504242 


H 


in either of theſe four tables. 
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PROPOS TT NE. 


The fide (S) of a regular een being given, 
Fig. 27. 28. 


I. To find the radius (R) of the circumſcribing circle, 


R U LE. Multiply the given ſide by N, and the 
product is the radius ſought. | 


E x. What is the radius of a circle that can cir. 
Pumferibe @ regular ottagon whoſe ſide is 129 


Here N — 1,3065630, found in Tab. I. 
Then 1,3065630 X 12 = 15,678756 = R. 


— 


— — — „ ———— 


II. To find the radius (t) of the inſerib'd circle? 


Ru LE. N, multiplied by the given fide, gives t. 
Ex. If S is 12, what is r? 


Here N = 1,207 1068, found in Tab. J. 
Then 1,2071068 X 12 = 148528 16 = I 


— 


III. Te find (A) the area. 


R. ULF. N, multiplied by the (quare of the gi- 
ven ſide, gives the area. 


E x. 
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Ex. IS i 12, what in A? 


Here N = 4, 8284271, found in Tab. I. 
Then 4, 8284271 X 12 X 12 6935, 2935024 


PROPOSETION X 


The radius R) of a circle. circumſeribing a re- 
gular folygon being given. Fig. 27. 28. 
I. To find (S) the fide of that pehgn. 


RuLE, N, multiplied by the given radius, 
Lives 8. 


Ex. If the radius of @ circle is 12; required the 
ſde of the inſcribed regular ottagon | 


Here N= 0,765 3668, found in Tas, II. | 
Then 0,7653668 x 12 = 9,1844016 = 5. 


©. 


II. To find (r) the radius of a circle inſerib*d in 
that polygon. 


Ru LE. N, multiplied by R gives r. 
Ex. FRis 12; ubat is r? 


Here N = , 9238795, found in Tas, II. 
Then o, 9238795 X 12 = 11, 86554 DDr. 


H 2 III. 
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On FRO * * 
n — 5 __ Xu 
R 
_ \ D 1 = 
———— 
„ . — * 2 
ming 
0 


II. To find (A) the area of that polygon, 


Ry B. N, multiplied by the ſquare of the gi. 
ven radius, gives the area ſought. 


E x. R = I2; what is A? 


Here N = 2,8284271, found in Tab. II. 
Then 2,8284271 Xx 12 X 12 = 407.2935024 


_— 
— — | 


PROPOSITION KI. 


The radius (r) of a circle inſcribd ina regu. 
lar polygon, being given. Fig. 2). 28. 


2 To find (S) the length of the fide of that polygon, 
RV LE. N, multiplied by the given radius, gives 9, 


Ex. Ii hat is the fide of @ regular oftagon, cir. 
earmferibing à #:rci? tubeſe radius is 12? 


Here N = , 828427 1, found in Tab. III. 
Then o, 828427 1 Xx 12 9,9411252 = S. 


— 
1 


— — 


— ——_— 


II. To find R) the radius of à circle that will cir- 
camſcribe the polygon +. . 4 


Rur E., N, multiplied by r, gives R. 
| er H. S PLANAR POL 


* 
* - » © * % 4 9 
* 5 X. 
a + a o 


E NSURATTO N. wy 
Ex. Fr = 12; what is R? 


Here N = 1, 8239 19, found in Tab. III. 
Then 1,0823919 & 12 = 12,9887028 = R. 


the ah. 5 


9 . 


III. To find (A) the area of that polygon. 


Ru L E. N, multiplied by the ſquare of , 
gives A. 


Ex. If r = 12; what is A? 


Here N = 3,3137084, found in Tab. III. = 
Then 3, 3137084 Lax 128477, 1740196 . 


** * 8 


—— . WF. — 


— — —__ * „ _— 


PROPOSITION: XII. 


The area (A) of a regular pH being 
given. Fig. 27. 28. ns 


I. To find (S) the length of its fide. 


Ru x. N, multiplied by the ſquare root of tlie 
given area, the product is the ſide ſought. 


Ex. What is the ſide of a regular octagan, whej? 
area 15 144 ? | 


Here N = 0,4550899, found in Tab. IV. 
Then o, 4550899 144=5,4610588=S. 


H 3 Il, 
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II. To find (R) the radius of a circle circumſcribing 
that polygon. 


R L E. N, multiplied by the ſquare root of A, 
gives 


E x. If A = 144; what is R? 


Here N = 0,5946034, found in Tab. IV. 
Then o, 5940 4 I144=7,1352408=R. 


C— 


III. To find (r) the radius of a circle inſcrib'd in 
that polygon ?- 


RU L RE. N, multiplied by the _ root of A 
gives r. 


Ex. Ff A=144; what is r? * 


Here N g o, 549342, found in Tab. IV. 
Then o, 849342 144=6,592104=r, 


— „ — — . — —ñ— —— 


PROPOSITION XII. 
The diameter of a circle being known, 
I. To find the circumferentE. . 


R v L . Multiply the diameter by 3, 1416 (=?) 
and the product ls ihe « circumlerence. 


w 


E x. 
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Ex. F the diameter is 12; what is the circumf. 


Then (123, 1416 g=) 37, 6992 is the circumf. 


un, 
— 


II. To find the area. 


Ru LE. Multiply the ſquare of the diameter by 
0,7854 (] and the product is the area. | 


Ex. If the diameter is 12, what is the area ? 
Then (12X12X0,7854=)113,0970 is the area. 


Or. The radius, multiplied by half the circum- 
ference, gives the atea of the circle, 
Thus D X 6 = 113, 0976. 
Again, the ſquare of the diameter multiplied by 
o, 39 2699 (=z? ) gives the area of a ſemicircle. f 


2 


— — 


III. To find the fide of a ſquare equal in ares to the 
circle. 2 


— 


RU LE. Multiply the diameter by o, 886217 


(=:4/p) and the product is the fide. of the ſquare. 


E x. If the diameter is 12; what is the ſide of the 
equal ſquare ? 


Then (12x0,8862=)10,64344 is the fide of the 
ſquare, 


H 4 PRO- 
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PROPOSITION XIV. 


4 Thejreanference of 4 circle being known, 


I. To fin he diamerer- 


Rvu4s, Multiply the circumference by o, 31831, 
(= = y and the product is the diameter. 


Ex. Suppoſe the: tircumference nce 15-12 3 required the 
diameter © 


Then rn is the diameter, 


ah. #7 


— — — 
— — —  —_— —ĩj——— 


II. To find the area. 


Ru TE. Multiply the ſquare of the circumfe- 
rence by 0,0795776 (==) and the product is the 


arca, 
1 & 


E x. Suppoſe the circum, is 12; required the area? 


Then (12X12X0,07958=)11,45952 is the ares. 


— 
— — — ———-— . ww. 


— — —_ 


III. To | fnd the fide of an aqua . 


Ru LE. Multiply the citcumſerence by o, 282095, 


i and the product is the ſide of the equal 


_ 


Ex. 
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Ex. Suppoſe the circumference is 12; required the 
fide of a /quare, of equal area to that cir; led 


Then (tac, 282 123, 3852 is che fide require) | 


P ROPOSITION xv. 
The area of a circle . Lom 


I. To find the diameter. 
RV LE. Multiply the ſquare root of "Ba area by 
1,12837, ( 05 the n will de the 


diameter. 
Ex. When the area is 12 OY is the 2 4 


Then (v/ 12X1,12837=)3,90877 is the diameter. 


— — — 


3 —ͤ— »„—— „ — 2 — — 
= FP . 


II. To f nd the circumference... 


RU Le. Multiply the ſquare root of the area by 
35,5440, (=21/þ) and the product will de the cit- 
cumference. 


- 


Ex. Il hen the area is 12; what is the tircamf. 


Then (4/ #2X 3,5449=)t2, 3798 is the cireumf, 


— 


- — 2 


Ul. To find the fide of a quare equalaitas , 


Ru L E. The ſquare root of the given 1er will 
be the fide of the ſquare required. 


H 5 E x, 
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Ex. When the area is 12; that ts the ſide of the 


equal ſquare, 
95 


Then (* 12203746471 is the fide required. 


ROPOSITION XVI. 
The fide of a ſquare, or its area, being kncun 
I. To find the diameter of a circle of equal area. 


RU xt. Multiply the fide of the ſquare, by 
1,12837 (2 and the product will be the di 


ameter ſought. 


Ex. What is the diameter of that circle, equal in 
orea to a ſquare whoſe fide 1s 12.? 


Then (12X1,12837=)13,54044 is the diameter 
required . 


— 


1 lian 


9 — — 


II. To find the circumference of an equal circle. 


RV x. Multiply the fide of the ſquare by 


3,5449, (=24/p) and the product will be the cir- 
cumference oy 


E x. What is the 23 of that circle, 
whoſe arta is equal to a ſquare wherein the ſide is 12? 


Then 1293, 5449=)42,5 388 is the circum, requ- 
III, 
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III. To f nd the fide of a ſquare, that may be in- 
{crib 'din that circle of equal area tothe given ſquare. 

Rv L E. Multiply the given fide by 0,797884, 
( and the product is the fide of the ſquare 
ſought. 


E x. What is the fide of that ſquare, which may 
be in ſcribed in a circle of equal area to a ſquare 
whoſe fade is 12? 


Then (12X0,797884=)9,574608 is the fide requ. 


8 — 


— 


IV. To find the area of a ſquare, that may be in- 
ſribꝰd in a circle of equal area to the given ſquare. 

Rv LE. Multiply the fquare of the given fide 
dy 0,63662, ( ==) and the product is the area of 
of the ſquare required. | 

Ex. I hat is the area of that ſquare, which may 


be inſcrib'd in à circle of equal area to a ſquare whoſe 
ſide is 12 


Then (12x 12X0,63662=)91,67 328 is the area 
required. | 


PROPOSITON XVII. 


The radius (CA) of a circle, and the chord 
(AB) of an arc thereof being known : To find 
ive verſed ſin; (DE) of balf that arc. Fig. 3. 

H © RULE, 


'156 A TREATISE of 


R L E. From the ſquare of the radius, take 
the ſquare of half the chord ; the ſquare root of the 
remainder, ſubtracted from the radius, leaves the 
verſed ſine. 


Or DE = CA — 4/ CA — AE, 


E x. In a circle whoſe radius is 25: IV het i: the 
verſed ſine of that arc, the chord of whoſe double is 48? 


Now 25X25 — 24X24 = 49; Whoſe ſquare root 
is 7. 


Then (25 — 7 = 18) is the verſed ſine required, 


PROPOSITION XVIII. 


The radius (CA) of a circle, and the wer(ed 
fine (ED) ꝙ au arc (BD) thereof being known, 
Fig. 33. | 

I. To find the chord (AB) of twice that arc. 


RU L x. From twice the radius, take the verſed 
line; multiply the remainder by the verſed fine; 
then will twice the ſquare root of the product give 
the chord of twice the arc. 


Or BAS 2 U DF — DE xx DE 


E x. In a circle whoſe radius is 25; what is tht 
chord of twice the art, whoſe ver/ed ſine is 18? 


Then ( 2 x 25 — 15 „ 18 „ 2 48 the 
chord required. | 
II. 
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II. To find the chord (BD) of ther are. 


RU LE. Nultiply twice the — by the verſed 
fine, and the ſquare root of the Procury will be the 
chord of the are. 1 | 


Or BD = DF % DE. 


E x. If the radius of a circle is 25, and the t ce | 
ne of an are there, is 18: What is the chord of 
that are? 


: » " 
3 


Then (v/ 2x25x18=) 30 is the * epi 


PROPOSITION XIX. 


The chord (AB) of any circular arc, and 
the werſed fine (ED) of Daf that arc * 
RNown, 


I. To find the radius (CA) of the circle. Fig. 33. 


RL E. To the ſquare of half the chord, add 
the ſquare of the verſed. fine; divide the ſum by 
twice the verſed fine, and the quotient is the radius 
required, 


Or CA'=" BE 4-DE — 2 DE. 


Ex. If the chord AB = 48, and the verſed fine 
DE = 18; what is the radius of the circle ?- 


| Then (=  X% +18x18__ "Iz TH is the radius re- 


2X18 


Note, 
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Nite, The diſtance of the chord from the centre, is 
found by ſubtracting the verſed fine from the radius, 


Inn IE 


— 
2 — 


II. To find the chord (BD) of balf the arc. 


RV Lx. To the ſquare of half the chord, add 
the ſquare of the verſed fine; and the ſquare root 
of the ſum, will be the chord of half the arc. 


Or BD V BE + DE. 


Ex. If the chord is 48, and the verſed fine is 18; 
what is the chord of half the arc ? 


Then ( 24X24+18x18=) 30 is the chord of 
half the arc, 


PROPOSITION XX. 


To find the length of a circular arc (BDA) 
Fig. 33. 

I. den the chord (AB) of that arc, and ths 
chord (BD) of its half are known. 


RU LE. From 8 times the chord of half the 
arc, ſubtract the chord of the whole arc; and + of 
the remainer, will be the length of the arc nearly. 


Arc ADB = . x BD—AB. 


Ex. If the chord of the arc is 48, and the chord 
of balf the arc is 30; what is the length of the art? 


Then 
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Ld 
Then (De: =) 64 is the length of the arc, 


a —_ 


II. When the chord (AB) of an arc, (ADB) and. 
the verſed fine (DE) of half the arc are known, | 


Ro L E. Find the diameter (by Caſe I. Prop. 
XIX.) divide 5 of the verſed fine, by the diameter 
leſſened by 35 of the verſed fine; the quotient add- 
ed to 1, and the ſum multiplied by the chord, will 
give the length of the arc very near, 


>: 4, 
Arc ADB = BF E ＋IX AB. 


E x. If the chord of an arc is 48, and the verſed 
fine of half the arc is 18: What is the length of that 
arc, | | 

Now (E 5o is the diameter, 

And (50 -b 8=)35,24 is the diviſor. 

OR. 4. 3 

Then Thy 3524 X 48 =) 04,34496 is the 


length of the arc. 


» 


— 
8 


III. When the diameter (DF) of a circle, and the 
rc (ADB) in degrees are known. 


Rv LE. Multiply the degrees in the are, by the 
diameter of the circle; the product multiplied by 


0,0087 267 (= will ſhew the length of the 


arc in that kind of meaſure the diameter is of. 1 
X. 


160 A TREATISE of © 


E x. In a circle whoſe diameter is 50 fret; wheat 
3s the length of an arc of 147 degrees, 29 minutes? 


Now 147 deg. 29 min. = 147,487 degrees. 

Then (147,483X50X0,0087 267 64, 352 feet, 

s the length of the arc required. 

Vote, The arc in degrees may be eaſily found, 

by having the diameter of the circle, and the length 

1 oo arc, found by either of the foregoing Rules. 
us. 


Divide the number 114,59132 ( = = )by the 


diameter, the quotient multiplied by the length of 
the arc, gives the arc in degrees. 


PROPOSITION XXL 


To find the area (CADBY of a circular 
ſector. Fig. 34 35. 


I. When the radius (CA) of the circle, and the 
length of the ſettoral arc (ADB) are known. 


RvuLe. Multiply the radius by half the given 
arc, and the product will be the area of the ſector. 


E x. In a circle whoſe radius is 25 ; required th: 
_ erea of a ſector on the arc whoſe length is 64,352! 


Then (8225 * 804,4 is the area required. 


— 1 


— — 


II. Men the radius of the circle, and the degree! 


in the ſectoral arc tnotun. 
s R U L E. 
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RU TL E, Multiply the given degrees, by me 
ſquare of the radius; the product multiplied by 
0099700 will give the area of the ſector. 


Ex. In a circle whoſe radius is 2 5 feet : What'is 


the ares of a fettor- on an are of 147 degrees, 29 
minutes © 


Now 147 45 29 min. = : 147-488. 
Th. (147,483X25X2 5X0,0087 267=)804,43 17 
is the area of the ſector required, 


PROPOSITION XXII. n 


To find the area CADBA=A) of a cir- 
cular ſegment, whoſe beight, (DES) and 
chord CAB=b) of its arc 36 known. Pig. 36. 


Ru LB. I. Multiply the beight by o, 626 to me 
ſquare of the product, add the ſquare of half the 
chord: Multiply twice the ſquare root of the ſum, 


dy two thirds of the height, and the product! is the 
area. 


Ge 5 


t, 


E x. M bat is the. area. 0 that naler þ ſegment 
whoſe height is 18; and the chard of whoſe arc is 48? 


Now 18 X 0,626 = 11,268, 


And 11,268 X 11,268 + K* = = 702,967824 
whoſe ſquare root is 26,5135. EI 


Then (26,5 I e 636,324 is the 4 
rea of the ſegment, 
RuLe, 
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Ru k. II. Find the chord (AD) of half the 
arc. (by Caſe II. Prop. XIX.) Then, 

* To the ſquare of the chord, add the ſquare of the 
height; to twice the ſquare root- of the ſum, add 
the chord of half the arc; multiply the ſum by 5 
of the height, and the product will give the area, 


Or AS 2 b+ w+hbxXtv. 


Ex. In a circular ſegment whoſe Beigbt is 18, 
and the chord of the arc is 48: What is the area? 


Now ( 24 X 24 + 18 X18 =) 30, is the chord 
(AD) of half the arc. 


And / 48x 48+ 18X1 8=51,20402. 


Then (51,26402X2+30X18Xx+%5=) 636,13459 
is the area of the ſegment. 


RV L x. III. Find the diameter (by Caſe l. 
Prop. XIX.) divide 32 times the height, by 80 
times the diameter leflened by 15 times the height; 
take the quotient from the number ; multiply the 
remainder, by the ſquare root of the product of the 

diameter and height; this product multiplied by the 
height,” will give the area of the ſegment. 


* n =ov/+ x4 X32 


80d—15v 


— 


Ex. What is the area of a circular ſegment, the 
height being 18; and the chord of the arc 48 ? 


Now ( 50 is the diameter. 


And 
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And 1832 2576 is the dividend. 
And o e- 18X15=37 30 is the diviſor. 


Then 3258 = , 15469, &c. 


Therefore (4 — 0, 15469 K VSO '50X 18 18 * | 
636,444 is the area of the ſegment. 


_” — At. 4M. ttt — 
8 


— 


RV LE. IV. Find the radius (r) (by Caſe 1. Prop. 
XIX.) and the arc (a) in degrees (by the note to 
Prop. XX.) multiply the ſquare of the radius, the 
arc in degrees, and the number o, oo87267 con 
nually; call the product A. 


From the ſquare of the radius, take the ſquare 
of half the chord; multiply the ſquare root of the 
remainder by half the chord; call the product B. 

Then B taken from A, will leave the area of 
the Segment. 


Or rr XOX 6 — hed 


E x. Suppoſe the chord of the arc of a cater Ve- 
nent is 48, and the height 18; what is ity area? 


24X24+18x18 : 3 
Now ( Dy — 25 is the dia | 
And 14, 483 are the degrees in the arc. 
Then (25 X 25 X 147,482 * 0,0087267 D, 
04, 3037 A. 


And ( c 25X25 —*X*% =) 168 =B: 
Therefore (A—B=) 636,3937 i is the area of the 
ſegment required, 


PRO. 
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PROPOSIT TON XXIII. 


In a circular Zone ( B Dab) or that part f 

& circle contain'd between two parallel cherd;, 
BDS, d ga the length of thoſe chords, 
and their diſtance (Aa = ] being known, 
Fig. 32. 


I. To find the diſtance (CA=x) of the centre (C 


of that circle, from the middle (A) of the greater 


RV Lx. To the ſquare of the diſtance of the 
Chords, add the ſquare of half the leſſer choral. 
The difference between this ſum and the ſquare 
of half the greater chord, divided by twice the dif- 
tance of the chords, will give the diſtance of the 
centre as required. 2 
= —— — 


Note, If the ſaid ſum 
greater 
is 5 leſs fs the ſquare of the half chord, 


bs / equal to * 
* - tween FS. 
the centre all without 8 the two chords. - 
Cin the middle of the greater chord. 


E x. Suppoſe the greater chord is 48, the leſſer 39; 
and their diſtance 13: How far is the centre of that cir- 
cle diſtant from the middle of the greater cherd. 


* 


Now 
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Now 13 X 13 + 15 X 15 = 394. 
And 24 X 24 = 576. i 
$79 .—- 394 «\ 
Then 13552 =) 7 the diſtance. of the 
centre as required. 
Here the two chords are on the ſame fide from 
the centre, 


Nate, The diſtance of the greater chord from the 
centre of the circle being known ; the radius of that 
circle may be thus found, 


R T E. To the ſquare of half the greater chord, 
add its diſtance from the centre; the ſquare of the 
ſum, will be the radius required. UE 


E x. . Thus, in the foregoing example, where half 
the greater chord 15 24; and its diſtance from the 
centre is found to be 7. 7 

Then ( 24 XK 24 +7 X 7 =) 25 is the radius of 
the circle, 


r 


. 


II. To find the height (aE=v) of the circular ſeg- 
ment (bEd) whoſe baſe (bd) is the leſſer chord. 


RV Lx. To the ſquare of half the greater chord, 
add the ſquare of the breadth of the zone ; from the 
ſum take the ſquare of half the leſſer chord ; divide 
the remainder by the breadth ; call the quotient, A. 
To tae ſquare of half the leſſer chord; add the 
quare of + A; from the ſquare root of the ſum, 
take 1 A; and the remainder is the verſed fine, or 
height of the ſegment required, 4 


-" 7" 


Or 
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Or e 


Then v u +3 A|—2 A. 


E x. Suppoſe the greater chord is 48, the leſſer 30; 
and their diſtance is 1 E * What is the height of the 
ſegment whoſe baſe is the leſſer chord. 


Now — — eo 


its half = 20. 

And 15X15+20X20=625 ; whoſe ſquare root, 
is 25. 

Then (25 — 20 =) 5 is the height of the ſeg+ 
ment ſtanding on the lefler chord. 

And (13 + 5 =) 18 is the height of the ſeg - 
ment whoſe bale is the greater chord. 


Note, The height of either of the ſegments, 
ſtanding on the greater or leſſer chords being known, 
the radius of the circle may be found by Caſe I, 


Prop. XIX. 
"PROPOSITION XXIV. 


To find the area of a circular Zone ; its breadth 
and the length of its ends being known. 


Rv LE. I. Find the heights of (AE,@E) the cir- 
cular ſegments (BED,bEd) on each end (BD,bd) by 
Caſe II. Prop. XXIII. 

Find the diameter (by Caſe I. Prop. XIX.) 


Then 
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Then the difference of the ſegments on the grea- 
ter and leſſer ends of the zone (found by Rule III. 
Prop, XXII ) will be the area of the zone. 


E x. What is the area of a circular Zone ; one end 
teing 48, the other end 30; and the breadth 13? 


By Caſe II. Prop. XXIII. the height of the ſeg- 
ment on the leſſer end of the zone is equal to 5. 

And 13 +5 =18 is the height of the ſegment 
| on the greater end. ko 6 

By Caſe I. Prop. XIX, the diameter is equal 
o 50. 

Then 636,444 is the area of the ſegment, on 
the greater end of the zone by Rule III. Prop. 
XXII. 

And 102, 1865 is the area of the ſegment, on 
the leſſer end, by the ſame: 

Conſequently 534,257 is the area of the zone. 


RU L E. II. 1. Find the diſtance of the centre of 
the circle from the greater end of the zone (by 
Caſe I Prop. XXIII.) 


2. Find the radius, (by the note to the ſame.) 


3. Find the chord of the arc, between the ends 
of the zone; (Caſe I. Prop. IV.) and the verſed fine 
of half the arc. (by Prop. XVII.) | 


{+ Find the length of the arc (by Caſe II. Prop. 
0 


5. Multiply half the leſſer end of the zone, by 
the breadth thereof, call the product A 

Multiply the radius by the length of the arc, call 
the product B. 


7. From 


iy 
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7. From \ take 
the fm of A and BY 4 f ibe pro. 
duct of * — from the centre, by the — 0 


of half the ends of the zone; and the} remainder 0 


ſum 
will be the area of the zone; when the centre fall; 
without 
be e 4 ends. 


E x. Ina tircular Lone, ſuppoſe the greater end is 
48, * Aer end 30, and the breadth 13: I bat i; 
area 


Now (HIS, =)7- il the dif. 

| 2X13 
tance of the greater chord from the center (which 
falls without the zone.) 

And (V/24X24+7X7=) 25 is the radius. 

Alſo 24 — 15 = 9 is the difference between the 
half ends. b 

Then (/9x9+13X13=)15,8114 is the chord 
of the arc between the ends of the zone. 


And (25 —VY 25X 25 — — * 114 =) 
1,283 i is the verſed ſine of half 8 arc. 


3X 1,283 * 
Then ( *. e gi 8 918,8 114 0)1b, 57, 


is the length of the are between the two ends of 
the zone. 

Now (VK IZA 19A. 

And (16,0877X25=)402, 182 =B. 

And N25 182749 (597,182 is the ſum of 
A and B 

Then (597,182- 9X7=)5 34,182 is the area cf 
the zone. 


RU LE. 


89 
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RULE. III Find the area of one of the two circu- 


lar ſegments contain'd in the given zone. (by Caſe 
II. Prop. XXII.) 


Multiply half the ſum of the ends of the zone, 
by the breadth ; to the product, add twice the area 


of the ſegment, before found; and the ſum will 
be the area of the zone. | 


Ex. In à circular zone; ſuppoſe the greater end 1s 
48, the leſſer end 30; their diſtance, 13; the baſe 
if one of the contain'd circular Pa ans 15 15,8114, 
ond its height 1, 283: What is the area of that zone? 


Now 1,283X0,626==0,803r58. 
And o, 803158 K „803758. J. 4 2 
263, 145062; whoſe ſquare root is 7, 9464. 
45 21, 283 
1 „ 2940 4X 2X 3 13,5936 the area 
of one ſegment. 


- | 
Then (ED X13+13,5930X2=) 534.1872 
5 the area of the zone. 


PROPOSITFO N- XXV. 


To find the diameter of a circle, whoſe a- 


ra ſhall be in a given proportion to that of 4 
arcle whoſe diameter is known, 


RULE. 


The given diameters ws by the ſquare 


wor of the intended — Cin give the dia- 


meter of che circle required. 


Ex 


4 
| 
| 
| 
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Ex. I. What is the diameter of a circle, whoſe 
arta is 9 times as much as one of 21 inches diameter? 

Then (21 x / 9 =). 63 inches is the diameter 
of a circle 9 times as large as one 21 inches in 
diameter. 


Ex. II. What is the diameter of a circle, whoſe 


area is but , of a circle of 21 inches diameter? 
Then — inches, is the diameter of the 


: 


circle required. 
PROPOSITION XXVI. 


To find the area of figures, whoſe ſides are 
partly right lines, and partly arcs of a circle. 


RULE. 


To every curved ſide draw a chord ; and the gi- 
ven figure will be reduced to a right lined one, and 
as many ſegments as there were curved ſides. Then 
the ſum of the areas of theſe parts, will be the ſu- 
perficial content of the given figure. 


EXAMPLE. 


Snppoſe a field of five ſides, 1wo whereof are the 
erches circles; now the chords being drawn, the fis 
gure will be a five-fided right-lined figure, which be- 
ing (by lines drawn) divided into a trapezium and 2 
triangle; in the trapezium, the diagonal is 7 chains, 
and the fum of the perpendiculars bt chains; in the 
triangle, the baſe is 4 chains, and the perpendicular 
6 chains; in one ſegment, the whole chord is 6 chains, 
and the chord of half the arch is 3x chains; in the 6. 
ther ſegment the whole chord is 4 chains, and the 
chord of half the arch is 2 chains; what is the area 


of this figure, Fig. 37. 


Wo, Firſt, 


al 
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Firft, 285 then 3:5X6,5=22,75, the area 
of the trapezium; ANA 


Secondly, = 3, then 3X4=12, the area of the 


triangle; 


Thirdly, In one ſegment the chord of half the 
arch is 3,5, and half the whole chord is 3, then 


5 3,5 12,25; and 3X(3=9 ; and 12,25 - ge= 
— whoſe ſquare root is 1,8 the verſed fine. 


And 8.5 2 289,81 whoſe ſquare root 
LT. 4 


b 3,1 32, 


Then 2 IX EN * 1,8 x 2 =7,6932the 
ea ® Rule II. Prop. XXII. 


Fuurthly, In the ſecond ſegment, the chord of 
balf the arc is 2,5 ; and half the whole chord is 2. 


Then 2, 5,5 —2X2= I,5 the verſed fine, 


And Tet = 4,5625; whoſe ſquare 


root is 2,136. 


Then HISOXEFRSN2, 5X 2=4:416 the 1 


15 
dea (by Rule II. Prop. Ea | 
2 Now 


10 A bretuer has @ ciſtern which is Md by thr ee pit 


teught. 


— 
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Now 21,75+124- ,416=45,8 
Chains for the — of 7209 4 by F $5559 ler 


And as 20 ſquare chains make 1 acre. |, 
Therefore 452959 — 4 acres 2 roods 14 poles, 


10 


SECTION VII. 


PrRACTICAT, QutsT10Ns, 


| Avr r 10 M I. 


Naund pillar 7 inches cver, is ſufficient to carn 
4 certain weight ; of what diameter is tte c. 
ums that contains 10 times the flone on the ſan 
&ngth? 1 n | 

Nowy X 7 X 10 == 490, whoſe ſquare root | 
22,135 inches, the diameter required. 


QvzsT1ionNn II. 
eath of 2 inches bore ; of what diametes muſt the bi 


of that pipe be, Thich in the ſame time, will thr 
n in 21 times as much water? © 


15 


The quantity of water thrown in, being a5 the 
;quares of the diameters; s 
Thereſore 3 X 3 X 3 X 2,5 = 67,5, who! 
quare robt is 8,215 inches, Sc, the diames by , 


Qu FE" 
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Qves Trion III. 


If a feice of a cable, 3 feet long and q inches in 
nmpaſs weighs 22 i ; what will à fathom weigh, of 
that cable whoſe diameter is 9 inches ? * 

Now 1 circumf.: o, 31831 diam. : 9 circum .: 
2586479 diam. whoſe _ is 8, 2069, Cc. 

Then 8, 2069: 22 5: : 81 (q'X 9) : 217,14, 
which c by 2, gives 434,28, the weight ſought. 


Qbus sTTO N. IV. 


I want in a garden a circular pong,” that ſhall juſi 
tate up half an acre;, how long muſt the cord be that 
will frike the circle? 


The half acre contains 2420 ſquare yards; 

Therefore 1 : 1,2727/ :.:'2420 : 3081, 1441 the 
ſquare of the diameter, whoſe ſquare root is 55,508 
the diameter; the half of which, 27,75 yards, is 
the length of the line ſought, 


QOU $3709 'F 


A carpenter is to put an oaken curb to a round 
well, at 8 d. F foot ſquare; the breadth of the curb 
i; to be 7; inches, and the diameter within is 31 fert, 
what will be the expence ? 


Now 31 J. = 42 in. 
Then 42 X 42 x 0,7854 = 138444456, the 
area within the curb. 2 


Allo 42 + 7,25 25 = 56,5, the outſide 
diameter of the i W 


I 3 And 
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And 56,5 X 56,5 K ,7854 = 2507, 1031 
area of a circle-including the well — brngy RY 


Then 2507, 19315 —138 621121 

the area of bs curb, N 75785 
mov 84. = o, og . 

her. as 144: 0, :: 112174755: 0, 259671 

= 51. 2 d. the expence ſought. — 


Or. The diameters of two circles being knowi, 
the difference of their areas may be found by the 
following. 

RU L E. Multiply the ſum of the diameters, the 
difference of the diameters, and 0,785 4 continu. 


ally; the product will be the difference of the area 


Thus'56,5 +42X 56,5 —42X 0,7854=1121, 
74755 is the area of the curb. 


QuzsT1ioNn VI. 


' There i wanted in à garden à circular pond with 
n circular iſland in the middle; the diameter of th! 


pand muſt be 100 yards, and the circumference of ti! 
iNland the ſame; what will the argging of "the pou 


tome to at 18 d. N foot ſquare on the ſurface ? 


Now 100 X 100 X 0,7854 = 7854 yards, tte 


area of the pond and. iſland. 


And 100 X 100 X 0,07958 = 795,8, the are 
of the iſland. | 

Then 7854 — 795,8 = 7058, 2 yards, the ara 
of the pond = 63523,8 feet. | 

And 1 : ,075 L. : ; 63523,b: 4764,285 = 
4764 C. 5. 8:4. | | 


Qu, 
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| Qu VII. 
Suppoſe ehe expence of paving a F pps hy Nat, 


at 25. 4 d. faut, amaunted to 10 ,. what is the di- 
ameter thereof? 


Now 25. 4 d. = , 118 C. 

Thereforeo, 116 C.: 1/.: : 10 f.: 85,147 the 
femicircle's area. v | 

And 85,7147 X 2==171,4284, the circle's area. 

Then 1: 1,2732 : : 171,428: 218,26285713, 
whoſe ſquare root is 14,77 34 the diameter ſought. 


QuzsT10N VIII. 


Suppoſe St. James's u re to be 180 yards long, and 
150 yards broad, in which there is a regular octagonai 
gravel walk, one of whoſe jides ts (/uppoſe) 28 yards; 
what did the paving the reſt with purbeck ſtane come 
t, at 3.5. 64.  yarde 8 


Now 180 X 150 = 27090 yards, the area of 
the ſquare. 

And 28 c 28 „ 4,828427 = 3785,486768 
yards the area of the octagon. 

Then 27000 yards — 378 54867 68= 
23214,513232 yards, what was payed. 

And 1 yard : 0,175 C. :: 23214,513232 yards: 
4002, 5397 = . 4002. 105. 9: d. 


QuztsT10N IX. 


What is the area of the ſegment of g circle hoſt 


diameter is 50 inches ; Sue ng the ſection made 14 
inches from the centre | 


14 Now 
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Now S = 25z the radius, and 25 = 14 =, 


the yerſed fine or height. 55 
Tben by Prop. XXII. 
2 4 J | 
80 Xx 50 — 15 X 11 - = 0,07286, 


And © 30 — 0,072802 = I 260531. — 


% 


And v/ 50 N 11 = 23,452. 


Then (1,260531.X 23,452 X 11 =) 325,18155 
is the area of the ſegment. L % . % 


ao a 10% K. 


A, Band C, bought a circular Beete, 14 inthe 
— diameter, which cu them 7 5. 6.4. whereof A pays 
5. 4d. B 25. 10 d. and C 35. 4 d. now they agrte 
that it ſhall be divided from the centre to the circum- 
Terence; that is, it ſhould be cut into three ſettirs; 
zwhoſe areas ſhould bear the fame proportion to each o- 
ther, as the prices paid; wheat part of the circumſe- 


rence will fall to each man's are, together with the 
areas. 


| Now 14 X 14 = 196, and 1: ,5854 : : 196 
Y53, 9384, the whole a ' 8 
Allo 7 5. 6 d. 157. 4 I 5. LEN = 105 C. 


25. 10d. = „1416 Js. 4d. 
15 3,9384 
And — — = 410 
6,375 410,5. 


| 410,570, 1416 = 58 15416. B the 
410, S, 18 = 68,416 . = C's | area. 
Again, 1 : 2416 : : 14 ;-43,9824 = circumf. 


Then 410, K, . = 27:36 = 25 


And 
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$32:9924 _ 119,286. 
3 


Then 117,286 „ 0,08 = 7,919 = ,s, ſhate 
117,286 X 0, 1418 = 16,615 = s hof the 
117,286 X 0,16 _ =19,547 = C's}.cucu. 

Qu<zs.T 1 0Nn;XE©: x -- 

A, B and C, bought a grinding ſtone of 21 inches 
in diameter; each paying à third; what part of the 
diameter muſt each grind down ? 3 TY 

This queſtion is anſwer'd, by reckoning each 
man to grind away one third of the circular area. 

Now 21 Xx 21 X ,7854 = 8346, 3614, the area. 

340,3914 enn 

Then — = 175, 4538, each man's area; 
which taken from the whole, leaves 230, 9076, ſor 
the area of the circle remaining, when one man has 
ground away his ſhare. * 

And 1: 1, 27324: : 230, 9076: 294, Whoſe 
quare root is 17, 14, the diameter of two men's 

ſhares next the centre. 8 

Again, 1: 1,2732: : 11,4538: 147, whoſe 
ſquare root is 12, 14, the diameter of one man's 
ſhare next the centre. 72 

Then 21—17,14=3,86 5 the breadth of the rin 
for the 1ſt man's ſhare, i wor 

Alſo 19,714 —12,14=5 is the brgadth of the ring 
which the 2d man is to grind away. | 

And 12, 14 is the dkneter of the 3d man's ſhare. 
QvEesT1IoNnN XII. 

A workman is employ'd to ſet up a rail round à di- 
eular baſon at 12 feet diſtance; and to lay a gravel 
walk between the rail and baſan : The price of the 
rail at 5 5. a linear yard, and the walk at 1 5. 0 d. 
0 Fibre yard: Now a line of 28,1267 yards flretsh'd 
4% by the brink of the baſon, will with bath ends touch 
the rail: What will the workman's bill amount to? 


I 5 Now 
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Now _— = 1977. 


*% 


1 7 * 4 | 
Then — — + 4 = 53,4 the diameter of the 
rail. 
And x : 3,1416: : 53,4: 167, 90 108 or 167,0 
the circumference or length of the rail, 


Therefore — * 729, = 2243, 3307 the ares 
including the walk and baſon. 
Now 12 f. = 4 yards. 


And 53,4 — 4 X 2 = 45,4 the diameter of the 
baſon. 


Then 537 45% N53, — 454X0,7854=61, 
33342 ſquare yards is the area of the gravel walk, 
Now 167, 90, 25. 41,975 /. the price of therail 

And 621, 333420, 75 C. = 46,6 the price f 
the walk. 


Therefore 88 C. 115, 6 d. is the whole expence. 
QuEsST10N XIII. 


A gentleman has ordered a ſquare plat of tw acre 
to be laid ant fronting his houſe ; in this plat be twouli 
hate a regular oftagona! baſon, containing a quart! 
of an acre, and Your of its fides parallel to the jides of th 
plat; alſs gravel walks of & yards wide running dia- 
gonally, and from the middle of each fide, terminating 
in a walk of the ſame breadth, ſurrcunding the ba- 
hen: What will the expence of gravelung theſe wall 
come to, at 16 d. a ſquare yard © 


Now 4840 yards = I acre. 


Therefore y/ 4849 2=98, 3869886 is the fide 
of the plat, All 


CA 


Chord DE 


Vorvedrine F G 


1 


pace A. C H a h 


Allo ( 


4 
15, 8303257, is the fide of the octagon. 


- . 
"== . — 
= 4 
SR * 
= * 


ENSURATTO N. 770 


| 3437850543 * 0,4550890 =* 


And —4—— * , 549342 = 19, 1088902 is the 


radius of the inſcrib'd circle. 


Therefore SIE — 19, 108890 — 8 


22,0846041 is the length of one of the walks from 
the ſides of the plat. . 


Then 22,0846071 Xx 8 X 4 = 706,7074592 is 


the area of thoſe four walks. 


Again, / 4840 K 2 X 2 = 139,140217 is the 
diagonal of the ſquare plat. 


And He, — 19,1088902 — 8 = 42, 


diagonal walks. 
Then 42,4612638 K 8 X 4 — 64 = 1294, 


461268 is the length (in the middle) of one of the 


7605 70 is the area of the four walks in the diagonals. 


Now 19, ro88g027-8] * 33137084 = 2435, 
2175541 is the area of the octagonal walk and 
daſon. 

And 2435, 2175541 — 1210 = 1225,2175541 
is the area of that walk. 

© hen 3226,685589 is the area of all the gray el 
walks. 

Hence the expence will be 215 CL. 25. 3 d. 


I 6 PART 
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P Nr K. 


Of falid MEASUREMENT. 
Wherein will be ſhewn, 


Firft, Definitions of the more rommon ſolids, 

Secondly, Methods, of meaſuring, or of cu. 
bing of timber. 

Thirdly, Methods f calculating the folidr- 
ties and ſuperficies of various ſorts of falid . 
gures, | 


— — wm 


* Jy „ 1 
_ 


SECTION IL 
SET THO $: 


menſions, viz, length, breadth, and depth, 
or thickneſs. 

IT. A ſolid whoſe baſes or ends are equal, paral- 
lel and like rectiline plane figures, and whoſe 
ſides are parallelograms, is called a priſin; and is 
denominated from the number of the ſides of its 
baſe, 


I. AS is a feure contained under three di- 


III. 
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III. If the ends and ſides are equal ſquares, the 
ſolid is caiPd a cube. Plate 2. Fig. 1. 

IV. If the baſe or end is a rectangſe; the ſolid is 
call'd a parallelopiped. Fig. 2. 

* V. If the baſe or ends are circles, the ſolid is 
called a cylinder. Fig. 3. 

VI. A ſolid form'd on a plane reQiline baſe, 
having on its ſides right-lined plane triangles, -whoſe 
yertices all meet in one and the ſame point; is caul- 
ed a pyramid; and is denominated from the nun- 
ber of the ſides of its baſe. Fig. 4. 

VII. If the baſe is a circle, the ſolid is call a 
cone. Fig. 

VIII. That ſolid which is terminated by a a con- 
yex ſurface, whereof every point is equally diſtant 
from a certain point within the ſolid, is call'd a 
fobere. — The right line paſſing thro” that point, 
equally diſtant from the ſurſace, is call'd the diame- 
ter or axis. Fig. 6. 

IX, In a pyramid, cone, ſphere, ox any other 
tapering ſolid, a part thereof contain'd between two 
parallel ends, is call'd a fruſtum: And the parts 
wanting, at the ends of a fru/irum, to compleat 
the tapering ſolid, are called /egments. 

X. If a fruſtum of a tapering ſolid be cut by a 
plane diagonally, from the extremity of one fide at 
the leſſer end, to the extremity of the oppoſite ſide at 
the other end, each of theſe pieces is called a B,, 
or an ungula; that being the greateſt which has the 
greateſt baſe. 


— — 1 F 5 


* Note, In Def. V. and VII. the number of tides 
in the baſe or end, is ſuppoſed to be exceeding 
great, or infinite, and ſuch figures may be taken 
for curves. 

S EC- 
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SECTION 1. 
of the meaſuring of timber trees, 


5 HEN trees are to be meaſured, their length 

isdenoted by feet and inches; or by teet 
and tenth parts: And their circumference is taken 
by a ſmall cord, or (chalk line; and this meaſure 
is denoted by the denominations that the length 
was taken in. | 

Workmen, and meaſurers, always divide their 
compaſs or circumference 'by 4; and this + part, 
they call the girt, and eſtimate it as though it was 

the fide of a ſquare, whoſe area was equal to a ſec- 
tion of the tree, at the place it was girted. 

It is a cuſtomary allowance to the buyer, to take 
the girt any where he pleaſes, between the greater 
end and the middle of the tree. 

There are ſeveral other articles that enter into 
the meaſuring of timber for ſale, but they will be 
beſt underſtood by treating of them as particular ca- 

ſes of the following propoſition. 


PROPOSITION I. 


To compute the ſolidity of round timber, by hav- 
ing the length and circumference given, 


CASE I. en the tree is firait, and the ends 
are equal; or nearly jo, 


Rv xe 
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RU LE. Multiply the ſquare of one fourth of 
the circumference, by the length, and the product 
is the ſolidity, or (as commonly call'd), the con- 
tent. Ren 

Ex AMP LS. 


I. Mat is the ſolid content 4 tree, whoſe com- 
paſs is 32 inches, and the length q feet? 


Now 7 = 8 inches. 


By decimals. By duodecimals, 
8 inches ex E 
mult; by Oy © .i8 
9) Tb, 


»44 O. 
X the lengtn. Xg _ 
4,00 = 4 ſolid feet. 4. 0. 0 


I. What is the folidity of a tree, whoſe length is 
31 ſect, and the 5 of the compaſs is 16 inches? 


By duodecimals.. 
By decimals. f. L 
16 inc, =, 1,7 feet ro ine. 1. e 
X14 1. 4 
4 # 9. 54 
13 3 . 4. 
177 1. 9. 4 
* 3 the length 31 ? 
177 0,10, 4 
$333 1 
5 5 1 feet the ſolidity. 2 
. $3 T's 
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III. Phat is the folidity of a tree, whoſe * compuſi it 
rr inches; and the length 40; feet ? 2255 


By decimals. By duodecimals. 
FI inc. = 0,916 feet * 
X , 91 o. 11 
9 55 O. 11 8 * 
57177 O. 10. 1 
9166 X40. 6. S length. 
82850 8 
„840 80. 3 •4 
X 40, 5 the length 33. 4 
4201 38 34.4.5 
33611111 ; | 
3403125 feet, the ſolidity. 


IV. Suppoſe @ piece of timber is 9} feet long ; and 
x of the crreumference is 39 inches : What is the ſo- 
ldity ? 


By decimals. - By duodecimals. 
39 inch, = 3,25 feet 4s * 
X 3.25 39 inch. 3. 3 
4636 + 1 
650 0. 9.9 
975 2 
10,5625 10. 6.9 
length = 57,9 inverted Xby 9. 9 Alen. 
95062 ITT; 0409 
7394 . 
528 102. 11.9.9 


*. 202,984 feet, thefolidity. ..” 


* 
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v. A tree whoſe f the compoſt is 31 , and 
the length 2.4 feet: What is the ſolldtity® © 


By decimals. By duodecimals. 
3¹ inc. = 2, 58; ſeet D 
K 282 inverted. 31 inc. = 2.7 
5167 X 2.7 
1292 1. 6. * 
206 | 1 
2 6.8.1 
0,073 N 
X 24 the length 0.2.0 
26092 | 16.0 
13346 144 


160, 152 feet the ſolidity,  - 160. 2. 0 


* Nite, If the tree is crooked, its length muſt not 
be meaſured on either the convex, or concave ſide 
of the curve. CTY 


; CASE II. Bien the tree is taper, or unegualy 
thick. . 


RU LE. Gird the tree in as many places as are 
thought neceſſary: the ſum of the ſeveral girds di- 
vided by their number, gives (as thought by work- 
men,) the mean compaſs; and the fourth of the 


mean compaſs ſquar'd and multiplied by the length, 
gives the ſolidity. N 


E x. VI. A tapering tree 15 feet long, is girded in 
four places; in the firſt, it © 5 ,. 9 in.; the ſecond, 
4½ 5 in.; the third, 4 J. q in.; and the fourth, is 
3}. 9 in.; what is the ſoligity ? ** 

8 
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> 
-y 
i 
' 
( 


E | the number of girds = 4)18. N. N 
4 __ 4. 8 the mean compaſz 


2. the quarter compaſs, 


mL ee Tx RET OR” e TXT KT ERS,” x HIoIIORT ol 
” 1 bs 1 s, Min. % ay.” = he — f . | \ E — g 
. * N N * a> ig — P ws 
Ly * 


= length. 
20. 5. o the ſolidity. 


% 
* 


Casz UI. Branches or boughs meafuring two 
feet in compaſs; (or 6 inches girt) are reckon'd 2: 
timber, and their ſolidity is to be 9 and 
added to that of the tree. 


Nate, So much of the trunk, as meaſures [cls 
an 2 feet compaſs, is not eſteemed timber. 


Ex. VII. Required the olidity of a tree 37 feet long; 
and 22 inches, quarter compaſs ; one branch 12 feet 
long, by 28 inches circumf. and another, 8 feet ling, 


by 24 inches compaſs ? 


Tres 


— N — wth — "RE = —_— *_ 
1 1 * 3 l * * . » 
- Cs ET een... „%%% 
3 | 


— 
= 
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Tree branch branch 
1. 10 = 0.7 20. 6 
X 1. ro 88 X 0. 6 
I. 6.4 0. 4.1 0. 3 
1. 10 + wr * 8 
F. 4.4 4.1 2.0 
* 37 
1. 0.4 Tree =-124 4.4 
12. 4 one branch = 4.1. o 
111 other branch = 2.0.0 
124. 4-4 folidity = 130. L. 4 


CASE IV. When the trees have their bark an. 


In meaſuring ſuch timber for ſale, tis common 
to make an allowance to the buyer, on account of 
the bark; thus, in oak, 4 or 1 part of the cir- 
ccumference is deducted ; but the allowance for the 
bark of elm, beach, aſh, Sc. is leſs: This deduc- 
tion being made, is ſuppoſed, to reduce the com- 
paſs, to that which the tree will have, when the 
bark is ſtripped of. Therefore, | 


Ru LE. From the given circumference, ſubduct 
the allowance for bark; and with the remaining 
compals, find the ſolidity, as before. 


Ex. VIII. An oat tree is 45 f. 7 inches long, 
and 3 f. 8 inches quarter compoſe ; required the ſelid 
content ; allowing vr far bark 4 


* 


, — 


L 


- © Meaſurers and workmen, reckon 40 feet of un- 
hon, or raugh timber, and 50 feet of hewn timber, to 
a load, ſuppos'd to waigh a ton, or 20 hundred weight: 
For, ſay they; bern timber is meaſured by the 
Fquare, and is very near exact; but rough timber, 
by the girt, (or quarter compaſs,) which is about 
+ leſs than exact; therefore, in the buying of tim- 
ber, it amounts to much the ſame, whether it be 
Meaſured by the girt, at 40 feet ſolid to a load; or 
meaſured exact, at 50 feet to a load; hence theſe - 
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| 3 
12) 3. 8 
3.8 = allowance 
3. 4+ 4 = reduced quarter compaſs 
Xx 3+ $-4 . 
0. 1. I. 5. 
135 
. 
1. 3.6. 9.4 
8 = length 
6. . 0. 11.5.4 
denne 
0. 2.9. 9 
1. 10. 0 
1 
495 


feet 514 - IT, 5. 11 E the ſolidity. 


Cc As E V. den timber is to be reduced to loads. 


Ru TL ts Divide the feet, in rough timber, by 


40, gives the Loads. 


Divide the feet,. in hewn timber, by 


50, gives the Loads. 
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Ex. IX. How many loads of timber is in that rough 
tree; whoſe length is 28 feet 6 inches, and the quare 
ter compaſi, 2 feet g inches, | 


1. * 
2.9 
| X 249 : 
| 2.0.9 
5.6 
* . 
X 28.6 the length 
; 3.9.4.0 
1.9.0 
I4.0 1 
WE"... NEON 34 
40)215 .6. 4. © the ſolid content. 
5 + loads. 


In the foregoing examples, are contain'd all the 
varieties that occur in the meaſuring of rough tim- 
ber for ſale: But when timber is regularly and 
ſmoothly hewn; the ſolidities of ſuch pieces had 
beſt be computed by the rules given for priſins, .- 
ramids, cones, &c. and their fruſtrums; as will be 
ſhewn hereafter. _ j.4 


Although the foregoing method of computing 
the ſolidity by the fourth part of the circumference, 
is commonly uſed by artificers, on account of. its 
eaſe, yet in fact, it is very erroneous; for the 
fourth part of the circumference of a circle, cannot 
be equal to the fide of a ſquare of equal area to that 


circle, Thus, if the circumference of a circle be 
15 
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T, the fide of a ſquare of equal area to that circle, 
ls 0,2821; whereas by the falſe method of the girt, 


it is but 0,25. 


Now the ſolidity of a round tree, may be found 
near enough, by either of the following rules, 


T. Multiply the ſquare of the tree's compaſs by 
"the length; and this product, by 0,07958, will 
give the ſolidity. 


II. Multiply the ſquare of the tree's compaſs by 
Tr of the 2 divide this product by 24; to 
the quotient add a tenth of itſelf; this 1 ſub- 
tracted from the former product, leaves the ſolidity 


very near. 


Note, inſtead of dividing by 24; it will be 
more convenient to divide by 6, and the quotient, 


by 4. 


III. Find the ſolidity by the common method of 
the girt; under this, write its 4 part; + of this x 
part ; 3 of this + part; and the ſum of theſe four 
lines will be the ſolidity very nearly. 


T be two latter rules are beſt adapted for duode · 
 cimals, and the firſt for decimals, 


The ſecond of the foregoing examples, is here 
wrought by each rule, both by decimals, and duo- 
decimals, 


The 
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The length 


Firſt. By decimals, 


& add | 


.. The compaſs = (16 c 4 =) 64 inches 5, 3 feet; 
= By rule 1ſt, By rule 2d. 
=, 5,3 2, 844 = ſquare of compaſs 
$ * 58 3x feet 2,583 = of length 
8 177 9487 
2 IP 227555 
* 28,4 1422722 
2 n | 
iy 284 24=0X4)73,48147 (12,2469 = 
I S 8533 — 3.3678 3,0017 of 3 
82 881,777 70, 1136 3061 = 77 of 2 
2 X 85970 | = 
"I 5970,0. 3,3678 = ſum 
2 61724 By rule 3d. 

8 7936 55,11 = ſolidity by the girt. 

F 441 11,022 = x 

* 70 3-074 = 5 of 5 

= 70,171 _©0,367 = ro of 4 

2 22223 


Secondly; 


AI TIN ATS N 


the ſolidity 270. 


. 
oy 


Seotully. By ccd, 
By rule 2d. - 


md 
— 
4 
— 
1 
8 


the ſolid content. 


24=6X4)73- 
ſubtract 3. 


70-4 A 5 


— 


— rn nn TS S——-—_—_ PRs, RAR FER 
1 
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By each of theſe operations, the reſult is about 
o; ſolid feet; but by the common method, the 
ſolidity is found to be only 55 feet; making a dif- 
ference of above 15 feet, which is too conſiderable 


to be neglected. 


Ex. XI. Suppoſe the length of a tree, be 36] feet, and 
the compaſs 87 inches : What is the ſolid — ? 


By decimals. 
87 inches = 7,25 feet. Then by rule 1. 
7725 X 7,25 X 30375 X 0,07958 = 153,722 


the ſolidity, 
By duodecimals. 
3 Ne 1h 
By rule 28d. 7. 3 = 87 inches 
. » I. 9. 9 
$0. 9 
L 52. 6. 9 * 
1 feet=_3- 9. 9 E of the length, 
3. 3.5.0.9 
157. 8. 3 
24=12X(2)160, 11. 813.4. 11. 8 l. 
ſubtract 7. 3. 9 6.8. 5 10 2 of 
the ſolid. 153. 7-11 Ze of. 
7 3 9. 1 ; 
K By 
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By rule 3d. 
8 e 
* 1 J inches = 1.9.9 
222 * 
Subs. 3.0 
143. 9 
. 
$5.57 
X 30.9 = length 
2 ” * Weg. K. 9 
1. 3. 0 
rr 9.0 
108 
the ſolidity 120. 8. 6. 9 by the girt 
| . 24. 1. 8. 6 2 
the correction J 8. 0. 6. 10 2 of; 
bee . 
the ſolidity 153.8. 5. 4 


It has been already obſerv'd, that in multiplying 
feet, inches, and parts, by feet, inches, and parts, 
the ſuperficies expreſsꝰd by the product, may confilt 


of five denominations; among which, are two 


names beſide ſquare feet, ſquare inches, and ſquare 
arts: So in cubing of linear. dimenſions, the ſolid 
expreſſed by the product, may have ſeven, different 
places; among-theſe are four terms, beſide cubic 
feet, cubic inches, and cubic parts; that is, two 
places between cubic. feet, and cubic inches; and 
two places between cubick inches, and cubic parts. 
To reduce, to cubic inches, the names between 


* 


its place, and chat of feet. 


RU IL! 


» 
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Rv Le Multiply the left-hand place by 12 ; to 


the product add its right-hand place; and 12 times 


this ſum will be cubic inches. 


The ſame rule will ſerve, to reduce to cubic 
paris, the names between its Place, and that of cu- 
bie inches. 


Ex. Suppoſe t the ſolidity of a body was expreſſed by 
10. . 8 ./. 9% SW. IIV. 4vi required the equi- 
valent cubis feet, inches and parts? 


Here the place of thirds, is cubie inches; and 
that of ſixths, is cubic _ 

Therefore 8'. 77.99. = 103%. of = 1245, 

And rv. IIV. 41 = 71. 14v1 = 866y1, 

Conſequently 10c.f, . 1245C.i. . 866c.p. = 10f.. 
8'. 7/. gf . SW. 1. 1 

Here follows an explanation of the ſeveral names 
22 from the e of the linear dimenſions of 
olids 

1. The feet, are cubic feet. 


2, The primes, are parallelopipeds of a foot long, 


a foot wide, and an inch thick. 


3- The ſeconds, are parallelopipeds, either of A 
foot long, a foot broad, and a part thick. Or, of 
a foot long, an inch broad? and an inch thick, 

4. The thirds are, either, parallelopipeds of a 
foot long, an inch wide, and a part thick; or, are 
cubic inches. | 

5. The fourths, are parallelopipeds ; of a foot 
long, a part broad, and a part thick; or, of 


an inch long, an inch broad, and a part thick, 


6. The filths, are parallelopipeds, of an inch | 
long, a part wide, and a part thick. 
. 7 ſixths, are cubic parts. 
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— WW 


n 


A 


of divers ſolids, bounded by right-lin'd 


and circular figures. 


PROPOS1 T4 O NL 


"Given the Tinear dimenfions of a tube, para!. 
lelgpiped, cylinder, or of any priſm. To find th: 
ue 


R UL E. . 
Multiply the area of the baſe, or end, by the 


length, or ” height, and the prodych. will — the 
ſolidity. 


ar I 852 ak X AMPLE I. 
F hut is the /alidity of a cube, whoſe fide is 12 in 


cles? 


Now 12 * 12 = 144, the area of the end. 
And 144 X 12 = 1728, the inches in a foot. 


EXAMPLE II. 


Ahn is - the ſolidity off ia block of marble, who/t 
length (AB) is 10 feet, breadth (AC) 53 feet, and 
depth (AD) 3 feet? Pl. 2. Fig. 2. 1 
SAG o 
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Now 575 N 35 In 20,125, the area of the 
end. 
And 20, 125 X 10 = 201,25 feet, the ſolidity. 


EXAMPLE II. 


hat i is the ſolidity of a triangular priſin, 
length i 1s 18 feet, and one fide of the guilateral end is 


1; feet? 


The area of an equilateral triangle, whoſe fide is 
1, is o, 433013. (by tab. I. p. 144.) | 


Therefore, 4,5 1,5 X-0,43301J=0,97427925, 
the area of the end. 


Then, 0,97427925 x 18'= 17,5370265, the 
ſolidity. + ON he. 


3233 


at is the jolidity of a cylinder, © whoſe length 
(AB) 1s five feet,” and the diameter (AC) __ the od 
12 feet Fig. 3 


Now 2 & 2X0,7854 = 3,1416, the area of the 


end. 
And 3, 1416 X 5 S 15,708 feet, the ſolidity. 
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PRO POSITION III. 


To find the ſelidity of a right pyramid, the 
meaſure of its baje, or greater end; and the per- 
pendicular height, or diſtance of be ends being 


EN, 
15 RULE. 


- Multiply the area of the baſe, or end, by a third 
part of the altitude, or length; and the product is 


the ſolidity. 
| EXAMPLE I. 
What is the folidity of a pyramid, whoſe beight 


( AC) is 24 feet; and the fide (BD) of its ſquare baſe 
15 3 feet f Pl. II. Fig. 4. 


Now 3 x 3= = 9, the area of the baſe, 
| And, = =8 = ; of the height. 
Then, 9 x 8 = 72, the ſolidity ſought. 
AME IT 


What is the folidity of a pyramid whoſe height t 
15 feet, and one fide of its hexagonal baſe is 18 in- 
ches; 


The area of a hexagon, whoſe fide is 1, is found 
to be 2,598076. (by tab. J. p. 144.) 

Ard 1,5 X 1,5 X 2,598076 =, 5,845671, the 
area of the baſe. 


"Then, 5,845671 x . = 295228365, the {cli 
dity. 


PR O- 
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PROPOSITION IV. 


To find the ſolidity of a right cone, the length, 
or perpendicular beight, and the diameter, ur 
circumference of the baſe being groen. 


RULE, 
dia. by 0,2618 = £. 

Mult. the ſqu. of the 17 
| circ. dy o, pa f 


and the product by the height, gives the ſolidity. 
EXAMPLE K 


What is the folidity of a cone, the diameter (AB) 
of whoſe baſe 15 18 inches; aud the weer Epg 
. PL U. Fs I. 


Now 18 inches 1, 9. 
Then 1,5 X 1,5 X 10 * * ; = 6.8357 
feet the ſolid content. 
EXAMPLE UI. ee 


i the circumference of the baſe of @ tone be 48 
feet, and the height 50 feet: What is the ſolidity ? 


Then 40 & 40 X 0,0265 X 50 = 2120 feet 0 
the ſolidity. 


5 is 
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PROPOSITTON'Y. 


Inn 4tight tylinder,' the length, and th: diane. 
ter or circumference of the end veing proven ; 1 
find the convex ſuper ficies. | 


RULE. 


- Multiply the number 3,1416 by the diameter, 
then the product multiplied by the length, wil 

ve ihe convex ſurface. 

Or, Multiply the circumference. by the length, 


and the product will be the convex ſuperficies. 
EXAMPLE I. 


What is the convex ſuperficies of @ right cylindrr, 
whoſe diameter. (AC) is 30 nr * the _ 
(AB) 60 inches ? Pl. II. Fig. 3. 4 


Then (3, 1416 c 30 60 — 5654.88, the 
copvex ſuperficics. Ot.) „ i 


of 


EXAMPLE Tl. 


Wheat is the ſuperficies of a cyli nder whoſe « circun- 
ſercuce 10 100 inches, and the eng 14 feet 


2 N 


Now 100 inches = 8. x feet; and 8,3 x 14 = 
116 ſcet, the curve ſuperficies. 

And 8, X 8,3 X0,07958 x 2 = 11,0527 the 
area of both the ends. 

Then, 116,6 + 10527 = = 127, 719, the 
whole ſuperficies. 


PR O- 


ME NSU RAT TON. 207 


PRO POSITION M. 


Jo find the convex ſuperficies of 4 "right cone; 


the 3 ee of whoſe baſe or end, aud the 


circum. 


length of the flant fide being given. 
RULE. 


* 


* diam b 8 = 1 
by 1,5708 [| ==}\ | 
Multiply the \circu. by 0,5 ( and the 
product by the length of the ſide, gives the convex 
ſuperficies, 
EXAMPLE IJ. 


What is the convex fuperficies of a right cone, the 
length of the flant fide AC) being 50 and the di- 
ameter of the ow (AB) 20? * II. Fig. 5. 


Then (1,5708 X 20 X 50 ny 15708 s the 
convex ſurface. X | 


ESAMPLE II. 


What is the convex ſuperficies' of a Er og cone, 
whoſe circumference at the baſe is 24 feet, and the 
length of the flant fide 32 feet 4 


"Then (24 X 0,5 * 32 =) 384 is 22 
ſuper ficies. : 


K 5 PRO- 
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PROPOSITION VII. 


In the fruſtum of @ pyramid; whoſe ends are 

= alike regular polygons, not exceeding 12 fides ; 
to find the ſolidity (S thereof ; the linear mea- 
fures of (AB, ab) the two parallel ends, and 
their diſtance (Cc) being known. Pl. II. Fig. 7. 


id N RU TE 1. Multiply one fide of the greater end, 
| by one ſide of the leſſer end. 


2. To the product, add one third of the ſquare 
of the difference of thoſe ſides. | 


| 3 Multiply the ſum by the length. 


4. T hen this product multiplied by the polygon's 
ſactor (in lab. I. p. 144.) will give the ſolidity. 


— _ 


Or s = Abxabx + AB ab x Cc x N. 
vita hy > W # $3 ww 
C F Mat is the folidity of the fruſtum of a ſquare y- 
4  Famid, one fide of the greater end being 18 inches; 


that of the leſſer end, 15 inches, and the height 60 
inches? | 


Now 


AR. 
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= 
„ 


Now 18—15=3 the difference of the ſides. 

And Fr 3 the third part of the yu of tit dif- 
ference. 

Then (erg Fe ige is the vba 
required. N 


| EXAMP L E I. 
IWhat is the ſolidity of the fruſtum of a hexagonal 


ramid ; the fide of whoſe greater end is 3 feet; that 
of the 72 end, 2 feet ; and the length la ft? 


IXI en. 
Now 3 — 2==1, and XE — 0,7 is 3 of the: 


3 
ſquare of the difference of the ſides. 


Then 3X2 + o, 3 X 12 & 2,598076 gives 197. 
453776 for the ſolidity required. 


If the ends of a pyramidꝰs fruſtum be of — 


other figure than that of a regular polygon; find 
the fide of & ſquare, whoſe area ſhall be equal to 
the area of the greater end, and do the ſame for 
the leſſer end; then work as the foregoing rule di- 


rects. 
\ » 1 \E : v 4 


® * »S 


EE 4 + 8 
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PROPOSITION v. 


| To find the folidity (S) of the fruftum of a 
"right cone, the length or height (Cc), and the 


Bader (AB, b 
* ference 57. at each end being given, 
Pl. II. Fig. 8 8 - , 4 1 


RULE. 


1. Multiply the een. at one end, by that 
at the other. 


2. To the prod. add the ſqus. of thoſe? Ro 


.3: Multiply the ſum by the given length. 
* The rodutt multip. b the No, ? 9,2618 
P p. by 0,026526 
will give the ſolidity. ' 


EE "IS —_— 


Or S=ABKab#AB + +ab XC * 0 1 20 


1 


ene ne 
" Whit is the Init of the fruſtum of @ cone, the 
diameter of. the greater end being 4 feet ; that of the 
er end, 2 fett ; and the altitude ꝙ feet? 


Now 4X2=8, the prodagt of the two diameters. 
E. 44 16: 5 +1644=28; - 
"Then 28 9, G9 756 key we fi 


or TY 


ny E X- 
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Mat is bi. be 4 5 1 sf 4 cone; the 


tir tumference of the greater end being 40; that « 
the leſſer end 20; and the length or Zeig be SQL... 


Now 40 c 20. T4 %o Ac 22800. 1 * 

Then (2800 X ͤ 50 X © 0265 2623713, 64 is the 
lidity required, 

Note, The Rule of Prop. VII. will find the ſoli- 
dity of a fruſtum of a cone, by uſing the diameters 
of the ends of the cone, inſtead of the fides of the 
pyramid; and changing the 4th article, for that in 
the Rule of Prop. VIII. 

And the Rule of Prop. VIII. will ſerve for Prop. 
VII. by making a like change. 


By theſe two laſt Propofitions, ſhould all une- 
qual ſquared -or round timber be meaſured ;* for 
moſt Trees, being bigger at the ground- end than 
at the other, may be conſidered (when firſt cut 
down, and the branches lopt off) as the fruſtums of 
cones; and if the ſides are cut rectangular, they 
then may be conſidered as the fruſtums of pyra- 
mids; and conſequently, in either caſe, they ſhould 
be meaſured according to the figure they repreſent, 
ſuppofing them to be regular ; but if the difference 
of the ends be ſmall, there is no need of having re- 
courſe to any other directions than thoſe given in 
the firſt propohtion ; and as all pyramids and cones, 
are. conſidered as having their ſides perfectly ſtrait, 
moſt trees will differ from them, on account ol the 
1 ol their ſides or girths. , 
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PROPOSITION . 
To find the CONVEX 77 ur face of the fruſt um 


diameters r 
t Yr cunf. of pe parallel ends being gi- 
ven. 
RULE. | 
Multiply the ſum of the J circumft.. b 1257082 


the product multiplied by the length of the Re will 
give the ſfolidity. ** 


EXAMPLE Il. 


po. What is the convex ſurface of the fruſlum of a 
right cane; the diameters M the ends being 8 and 4 


feet ; and the length of the fide 20 feet ? 
Now 8+4=12 the um of the diameters. 
And 12 X1,5708X20= 376,992 the convex ſur- 


| EXAMPLE I. 
. What is the convex. ſurface of the fruſtum of a 


right cone; the circumference of the greater end being 


. of the ſlant ſide 20 feet ? | 


; 4% Then (30+ 10X0,5X20=) 400 feet is the con- 
vex ſurface required. 5 


ya, 
If 


* 
1 


PR O- 


| 


of a right cone, the length of the flant fide, and 
be 


30 feet, that of the leſer end 10 feet; and the length 


E VS URA TTD N 20% 


BA 290.0 23.5 DAY $4 
To find the length or beigbt, CD) of a py 
ramid or cone, the linear dimenſions (AB, ab, 85 
of a fruſtum of that pyramid or cone K 
known. Pl. II. Fig. 7. 8. 
RULE. 


Multiply the height of the fruſtum by the E ſide 'F 
of the greater end. | 
Divide the product by the diff. of the 1 be; Y 


the two ends; and the quotient will be the ow 
ramid, 0 
of the 3 PY 


cone. - AB a 9 & — 
3 bY, 
Or CD=——— 1 


EX AMP L E I. 

In a fruſtum of a ſquare pyramid ; one fide 
greater end is 5 feet; one ſide of the leſſer e 1 
fett ; and the diſtance of the thds is 8 Jeet - 9 is 
the height of that pyramid ? 

Now 5—3=2 the difference of the fdes. 


| Then =) 20 is the deight of the pyramid. 


| EX A MP:LE: I. 
There is a f uſtum of a cone, the diameter of the | 
greater end is 83 inches; that of the leſſer end is. 
54 inches; and the altitude is 12 feet ; what is the 
altitude of the cone? | 
Now 83 54=29 inches, which is 2,416 feet, 
the difference of the diameters; and 83 inches = 
9916 I 


Then — _ = 343448 is the height of the 


cone as required. PRO- 


. 


- IAE of 
ROPOS ITION XI. 


\ 3 
ven 3 to' find what-length ſrom 8 — Sri 


aner Jo a gives par! 7 the ſolidety ? 
n 


N as the ſolidity of the whole pyramid or cone, 
is to the cube of its altitude; ſo is any given part of 
the ſolidity, to the cube of it's altitude, reckon'd 
from- the vertex downwards; ee dabe dert is 
the * g 


EXAMPLE.” 


There is a conical piece of timber, is. Ae of 
whoſe baſe is 18 inches, and the length 12 feet : What 
diflance from the vertex muſt the ſaw be applied, ti 
ay it into two Preces of equal JOS; | 


| Now 18 inches = 1,5 feet. 


And 1,5 X 1,5 X 12 * 0,2618 = = 7,0686 feet 
the ſolidity; half thereof, is 3,5 343. 


And 125 121221728 the cube of the length. 


Then 70686: 1728 :: 3,5343: 864, whoſe 
cube root is 9,5244 ; and fo far from the vertex, 
_ the ſa be 4 ah 


k o * 
- _ 7 N - 2 | 2 
_ _- 
* 
© * 2 
SJ 4 P R O- 
4 - 
* 4 — | 
9 : 
= 
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In a priſmoid, having given its length or 
beighr,” and allo the length and. breactÞ* of 
—— — a zer 


Note, A priſmoid is a ſolid contain'd unden "fix 
planes; whereof the parallel ends are unlike rect- 
angles; and of the other four ſides, each oppolite 
mY are : equal trapeziums. 


RULE. 


Multiply the length at the greater end, by the 
breadth at the lefſer end; and the length at the lel⸗ 
{cr end, by the breadth at the greater end. 

To half the ſum of theſe two products, add the 
areas of the two ends. | 

The ſum multiplied by a third of the height, 
gives the ſolidity. 

Or, To the breadth of the greater end, add. half 
the breadth at the leſſer end, multiply GP ſum by 
the length at the greater end. | 

To the leſſer breadth, add half the * breadth, | 
multiply the ſum by the lefler length. | 

The ſum of theſe two products, _—_ 1 a 
third of the height, gives the ſolidity. 


EXAMPLE. 


What is the lid content of a pri mod, whoſe g b grea- 


ter end meaſures I inches by 8; the" leſſer end, 8 in- 
ches by 6; and the length, or beight, 60 inches PA 


Now 12>:6=72 ; 8X8—=64 ; and 1235468. 


G 
* SRE 1 


Then 68+ 12x 8+ 86x 20=4240,.the ſolidity. 
Or, STN 12 = 1323 and 68 = 80. 
Then 132 TO = 4240 is the ſolidity. 

F R O- 
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PROPOSITION XI. 


To find the ſalidity of the Hoofs (aefb AE,FB 
AEfÞb) of the fruſtum of a pyramid, the linear 
meaſures of the end, and the length being known. 
Pl. II. Fig. 7. 


If it is of any other form than a ſquare pyramid, 
reduce it to ſuch, by finding the fide of a ſquare of 
equal area ; then 


R UL FE. 2 


To the ſquare of the fide of one end, add one 
half the product of the ſides of the two ends; this 
ſum, multiply'd by one third of the height, gives 
the ſolidity. ' 


Note, The ſolidity of the greater or leſſer ungu- 
la will be obtain'd, according to the end of the 
fruſtum uſed, 


— ——— 


2 — —ͤꝓ 


Or greater hoof = AB - AB X ab Ker. 
leſſer hoof = ab + ZAB X ab X 4 Cc. 
EXAMPLE 


There is a fruſtum of a. ſquare pyramid, one fit 
of the greater end i515 feet; the fide of the leſſer 
end is 1, 25 feet, and the height is 5 feet; what-: 
the ſolidity of the ungula ? 


"$18 


Now 


ME NSU RATIO N. 22 


Now 1,5 X 1,5 2, 25, the 2 of the grea- 


ter ſide. 40 ko bs 1 20 


And == 20,9378. 


Then (2, ag cl 95531251 is "the chan y 
of the greater of the hoof: g 
Again, 1, 251, 25 1,5625. 


Then (5625 T0, NK) Hip? is the bu. 
dity of the leller ungula. 


A 


PROPOSITION XIV. 


In a conical fruſtum, the- dameters, and 
diftance of the two parallel ende being gi 
o find the ſaliclity of each Ref, ben the Fri 
tum is cut by a dj agoves Plane. is. 8.) 


For the greater hoof | 8). . my 
RE. ere 


"YI _ PIE * a wt 
"> Kaan 9 — 1 a TY? 


From the cube of the greater diameter, take he 
ſquare root of the product of the cubes” of the two 
diameters. 

Divide the remainder by the diferentes of the 
two diameters. Wc 

- Multiply the quotient by the hei cht. 
2 ihe product multiplied by 261 ni give the 
olidit . 


1 


"FB — — * 
0¹8 AB — ab a * ce. 10 bol 
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For the leſſer toof (. | 577 08 


RU L E. 


From the ſquare root of the product of the cube; 
of the two diameters, take the cube of the lefler di- 
ameter. 

Divide the remainder by the difference of the two 
diameters. | 

Multiply the quotient by the height. 


T be product multiplied 5 0,2618 will give the 
ſolidit y. 


£ * 44h , — ; — 
Ag & ab — ab 5 
5 AB A 8 dex 12 , 
8 2 


E XK A MP L E. 


| 1 Fer 
AEbere i is & conical fruflum, the di amel er of the 


greater end is 4 ſcet; that of the leſſer 2 feet ; and 


the m_ 9 feet ; what i is the 1 KN. of each _{ 4 


” . 
— Nan 


Now. (4X 4X4 =) 641 is e of the "i 
diameter. 


And (2X2X2=) 8 is the cube of the leſſer dia- 
meter. 


"Alſo 64x8=512:;;. whoſe ſquare root is 22,6272, 
a Then (i __ X9X0,26 tB="48,74 13 i 
the ſolidity of the f hoof. 


And BY — Noce 2616) 17323 A 
ſolidity of the leſſer hot. 


1404 
SE GC 


— 
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- 
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Of a Pere aid ts Pats.” f 


PROPOSITION IV. 
To find the . 4 e or globe 


al. 


S E 0 4 Ix. 0 N . 


—B 


— 


I. The diameter teing known. „ati 


Ru Lx. Multiply the ſquare of the aumeten by 
31416; (=p) and the product is che ſuperficies. 


E x. What is the ſuperficies of 6 Hure 9 


ameter is 1 I x fees ? 


Then 1,3 X 1, X 31416 = = 3 TH, is 


the ſuperficies.. 4,7 4) £7 i 204 2h) wo 
ITT CAT th Mio hoe — S038 — 
| II. Ne circumference of @ circle tilting that 
4 1 _ ipod 1 2 
' Rv LE. Multiply tha ſquare of the circumſe · 
I rence by 0,31832 3, ( | (=p) and the on is the 


5 bperfities,. | : - *% nn 


1118 


-en: Ex. 
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— x. What is the ſuperſicies of a ſphere, whoſe ci. 
cumference is 4,188 feet P 


Then (4,1888 X 4,1888 * RT =} 555852 
feet is the r. 


II. The diameter and circumference being knnen. 


Ru LE. Multiply the diameter by the circum- 
ference, and the product is the ſuperficies. 


E x. What i is the ſuperficies of a ſphere, why di. 


ameter is 15 feet, and che Crcumference is 4,1888 


Feet ? 


Then (1,3 X 4,1888 =) 5, 58506 is the ſuper- 
-icies. - | N 


PROPOSITION XVI 
To find the ſolidity of a ſphere. 


rw. 2 4 


_ * 
— —— 
1 — 


— em—_—_ 


I. The diameter being kunon. 
R Le. Multiply the cube of the diameter by 
0,5236 (60 and the product is the ſolidity. 


Ex. What is the ſolidity Y a fobere, who dia- 
meter 15 1 feet ? 


* 


Then 
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Then (1, 3, I, 3c 1, 3x0, 52362) 1, 411 feet is 
the ſolidity. 


— 


—— 


II. The circumference of @ circle biſecting that 
ſphere * Known, 


Ru LE. Multiply the cube of the circumference 
I 
— 2 
by 0, 16887; (= 6550 and — proſe is the ſo- 
lidity. 


E x. IN bat is the ſolid content of a * . 
circumference is 4, 1888 


Then (4,1888 XK 4,1 888 x418880,016887=) 
12411 is the ſolid content. 


* 


If the fuperficies and diameter are known, 


Ru LE. Multiply the ſuperficies by one fixth of 
the diameter, and the product is the ſolidity. 


E x. What is the ſolidity of a ſphere whoſe diame- 
ter is 15 feet, and the ſuperficies 5,58 506 feet ? 


Then (5,58 5oß . 1,2411 feet is the ſo- 
lidity, 
IV. 


en 
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"Ex. What is the ſuperficies of a ſphere, whoſe ci 
cumference 15 4,188 feet P 


Then (4,1888 x 4,1888 x 2 =) 575852 
feet is the . 


— — 


II. The diameter and circumference bei ng known, 


RuLE. Multiply the diameter by the circum- 
ference, and the product is the ſuperficics. 


E x. What i ts the ſuperficies of @ ſphere, whoſe d. 


ameter is 17 feet, and wa circumference 15 41880 


Feet . 


Then (1,3 X 4,1888 =) $5,58506 is the ſuper- 
-ficies. - 


PROPOSITION XVI. 
* o find the ſolidity of a 9 


— 
. — » TW —— 
—_ 


— 


J. The diameter being kunon. 


'Rv LE. Multiply the cube of the diameter by 
0,5236 | (=) and the product is the ſolidity. 


E x. What is the ſolidity 4 a Ft who ide 
meter is 15 feet ? 


5 NR ws 
py ＋ — — : 
4 —_— 5 
S— 


6” Then 
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Then (I, 3, KI, 3 1,3X0,5230=)1,2411 feet is 
the ſolidity. 


— — 
— 


nr 


II. The circumference of a circle biſecting that 
ſphere being known. 


Rv LE. Multiply the cube of the circumference 


by 0,016887 ; (S and the product is the ſo- 


lidity. 


E x. Mat is the ſolid content of a 8 mee 
tircumference is 4,1888 ? 


Then (4,1888 x 4,1888 x 41888X0,016887=) 
12411 1s the folid content. 


: 
- 


If the fuperficies and diameter are known, 


Ru LE. Multiply the ſuperficies by one ſixth of 
the diameter, and the product is the ſolidity. 


E x. What is the ſolidity of a ſphere whoſe diame- 
ter is 15 feet, and the in, 5,58 505 feet? 


Then (5,58 508.X JE) 1,2411 feet is the ſo- 
lidity, 


IV. 
ben 


- 
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IV. If the ſuperficies and circumference are knowy 


Ru LE. Multiply the ſuper ficies by the circum. 
ference, and the product multiply'd by 0,05 305 


(Sc: ) gives the ſolidity. 


E x. I bat is the ſolidity of a ſphere whoſe ſuperf. 
cies is 5,58508, and whoſe tircumſerence is 4, 1888 


Then (5,58506X4,1888N0,05305=)1,2411 i; 
the ſolidity. 


Note, The ſolidity of a ſphere, is equal to two 
thirds of its circumſcribing cylinder. 


: — 


PROPUOSITION XVII. 
The ſuperficies of a ſphere being known. 


I. To find the diameter. 
RU TE. Multiply the ſquare root of the ſuper- d 
ficies by 0,564.19 (=>) and the product will be 
N 


the diameter. 


E x. What it the diameter of that ſphere, whj? 
luperficies 5,5852 feet? 


Now 5,5852 = 2,3633. 
Then (2, 3633 x 0,56419 =) 1,7 feet is the dia- 
meter required. þ 
Il, 
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It: 7 * the ciraumferince 1 4 kirche dgeane 
that ſpher LO 


RULE. "Multiply the f quare root of the — 
ficies by 177245, (=v/p}a and the product will be 


the circumference, 


EK. 182 fa prrfces i is 5588523 what is the cir- 


cumference £ 


Then (v/5,5852 K 1772458) 42888; is the 
circumference. | 


wy * 


. 


Ru EE. Muldply the Luperſicies 3s ſquare 


o, and 25258 16 0 continually, the 


.- = dl = 


Pars N * — 558555 r fe 
J 


SY) 1 7 — 


Then (8,8852 K c 7558552 X enen =) 
2410 ls they iolidity fought, | 


= Y 4 


0 | 48 
2 „ 4». 4 
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PROPOSITION XVII. 

De \ſolidity of a ſphere being knzwn, 

1.7 find the diameter, © 

Ru LE. The cube root of the Letidity, multi. 
lied by 1,2407 ( , ) will * the diameter. 


Ex. Required the diameter "of that ſphere whej 
Lu 15 — f 


Now 4/ TTT = 1,074655. 
T hen ( 12074055X 192407 At, z is the diameter, 


** . 


— —— — 


II. To find the chcunfron of a circle bi/efling 
that ſphere. | 
Rv x x. , Multiply the cube root of the olidity 


by 32897777 (= v/ 6pp) the product will be the 
circumference. 


E x. If the ſolidity is 1, 2411; required the tir- 
cumference? 


f © Then (7 TAI x 3897777 =) 441388 U 
{ the circumference {cugh!, 


II. 


7 . ” 
4 * 
38681 — th wo Draoce. . 4 bk 6 


ch 


C) 
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ul. To find the ſuperficies, / Oy 
Ru TE. The cube root of the coligity multiplied | 


by itſelf, and the product by 44835976 (=v 360) 
wil give the ſuperficies required. 


Ex. If the folidity is 1, 2411; . is the Ae 
dies? 


Now V 1,2411 = 1,074655. b 


Then (1, 74655 X 1, 074655 N 4.835976 _ 
558498 is the ſuperficies ſought. 


* - * 
— - — - 


PROPOSITION. XIX. 


75 find the convex ſuperficies (s) of a ferm 
—of a ſphere cut of by a plane. 


1. The diameter (BA) of the ſphere, and the height 
(DE) of the ſegment (FEG) being known. Pl. II. 
17 10. 

Ro l E. Multiply the diameter of the ſphere by 
the height of the ſegment ; then the product multi 
plied by 3,14 16 will give the convex ſuperficies. 


Or s = ABX DE Xp. 


Ex. What is the convex fie of a ſegmens 
whoſe. height is 45, and cut from @ ſphere of 21 it 
ches diameter ? | 


Then 21 X 4,5 X 3,1416=) 295, E812, is the 
Convex ſuperficies. 
L 2 If 
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II. The diameter (FS) of the baſe of the ſegment 
and its ebe (DE) TY Ki of chern, 


E 'Y L E. To the i ware or the E of the 
baſe, add the ſquare of twice the height; the ſum 
3 by 0,7854 will give the OY {2 


\@ „ 
Or 8 =FG + IDE x 2. 


4 
E x. What is thi der feperficies of that Shen. 
cal fegment, the diameter of bee baſe is 7728358 
and whoſe betght is 4,5 ? 


Now 17, 3350 * 1774336 = — 296,999, E.. 


or 2977 
And Ta < 


Then (297 + 5 Y 0,854 =) _ 88124 WM 
the ſuperficies required. 


PROAQSITION xx. 


3 «) * Ai 


J fund * eli 7 (S) of a Armen, of 0 
Jphere. ' 


L The-diameter:(F G) of the baſe of the Jeg nett * 
and its height (ED) being — Pl. II. Fig. 10, 


R L E. To thrice the bs of (F D) half the 
diameter of: theibaſe, add the ſquate of the height 
(DE), multiply the um by the height; then the 
product multiplied by 0,5236 will give the ſolidity. 


oi = 3BF + DE x DE x E. 
| 4 of | 


E x. 
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E x, What is the; ſolidity of a obericol gment, 
the diameter of the 2 being are inches; _ 
it's beight %s Oe | 


Now 17223368 WE X3 = 222,75 


" An £EX 455 = 20% % n 5 
Then 1222,75 + 20, 25 * 45 * 8,5236 = 
Tagen is —— e 8 


* 8 © 
V = : . - 2 * N 
w —-- . th. tht. th. AS 1 e 228 
— — — — 


— 67 oh 
Il. De dametr- „ 74 ab e, and thi 
taght (DE) f the ſegment being wp I 


| RuyLE. Prana thrice the diameter, ſutra 
twice the height; multiply the" remaitider, by 

the ſquare-of. the height; the product ee * 
0,5236 will give the ſolidity. 


eee, 1 - - X 4 W p* | hs 


18 = JATZ3 DE x DD - 0 rage _ 


Ex. Ina ſphere whoſe diameter is 21; what is 
. fliditg of He thereof, a ee 435? 


. 


Now It x 3 — 415 X =. 
And 445 X 435 =' 20, 5. it .9 4 UA 


| The ben (54 N 20,2 X , 71 N 
the ſolidity fought. oy 4 —_— 4 Lion ad 


*% 


L'3 PRO. 
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"P'R'O/P'OSTTITON XXI. 


To find the Comment ſuperfic ies 65 I. a ſo 
rical Zone or Fruſtum. 


I. The * (AB=4) of the ſphere, and th 
breadth (MN ==) of the zone, or diftance of the pa. 
rallel ends being tnown, Pl. II. Fig. 10, 


RU LE. Multiply the diameter of the ſphere by 
the breadth of the zone; the product multiplied by 


3,1416 (=p) will give the ſuperficies required, 
Or s = abp. » 


Ex. What is e ſur face of 4 ph 
Zone whoſe breaath ts 4 inches; ; and cut from a pert 
of 25 inches diameter? | 


Then 25 4 X * 70 = 314.2 the cons 
vex ſurface. X 0 


* 


een = : _— ©. 1 5 9 
: 


II. Hoving the dicnuters: (HI=e,KL=0) 81 
. and their . (MN =) given. 


Rv LE. Find the diameter of the ſphere 1 
Piep. XXIII. Part I.) and then 120. the conte 
ſurface by the former rule. ! 


ar) 1 4 ' 14 EI. 


x. 
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Ex. I. In a ſpberical zone, the diſtance of whoſe 
garallel ends is 4 inches, the diameter of the greater 
end 24 inches, and that of the. leſſer end, 20 inches: 
What is the convex furface, when the centre of the 
ſphere is without the Zone P | 


20 20 
Now txt = = ARK: 4 
— — ä — te 
* Ro | wil 
ſtance of the greater end from the centre. 
oF. © + + — + r_— 


 Allo24X24+7X7=625. whoſe ſquare root is 25. 


Then 25 K 4 X 3,1416 =. 314,16-the convex 
ſurface. ; 


- —- 


Ex. II. Eat is the convex furface f a herical 
zone, the diſtance of whoſe parallel ends is 11 inches; 
the diameter of the greater end 24, and that of the 
er ** 20; the centre of the ſphere iying vetween 

ends, 


Now 2411014 
=== 2 = 3,5 the dif- 
11 K , | | 
tance of the greater end from the center. 
And 3,5X 2 2 7. : 
Alſo 24X24+7X7-=625 whoſe ſquare root is 
25, the diameter of the ſphere.. | ; 
Then 25 X 11 X 3,1416 = 863,94 ſquare 


inches, the convex ſurface. 


„ III. 


3 
. n * 
F 9 
4 - 
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TH. Me vd dim. (HO) and brig) 
(DE=v) of « ſegment cur from a hemiſphere, is gl. 


ven; the convex fur w (5) 4 the remainder HIBA 
may be thus found. © 5 it Fg. 0 10. . | 


RULE. 


1. Divide the fourth power of the diameter by 
thirty-two times the ſquare of the height. 


2. From the quotient, take half the ſquare of the 
W 


The remainder N by 927416 gre 
the convex ſurface. 


8 
* Fo v . 
Or s . 


Ex. From. a hemiſphere, whoſe diameter is ut- 
Fnown, there is cut a ſex gment, wherein the diamaa 
of the baſe is 20 inches; and the height, or verſe 
fine, is 5 inches; 9 2 the —— et of 

the n N 


20 
Now 28 . 


11411 


_— — — — 


" goD * 1 
' «113 ,:5 


Then *3187,5 x J. lr = $89.08 the conver 
tense required. 


$ 4 PRO- 


» 


— Fa. 
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as... . 12.314 
PROP 081 0 N Krit 
"y 1 AN 
Jo find the uam (8) of a . 
the radius (MI=e,NL=+b). of of: engl vnd, and 
their eren Nen a Anne DH) 


* Þ ($=1Q) 

Ry 1 K. To the ſquare of the two radiug Add 

one third of the ſquare of the height : The 

multiplied by the height and the product by 1,570 
gives the ſolidity. 


© " 
-. a 0 : yo Ii | * 
Vo — 15 81 ” . 
Ss *® 
” 0 | 


ttt ach bf 


Ex. What is the + lid 2 of a Zine, ET 
greater diameter is 24 inches, that of the leſſer 20 
3 the height- or diſtance of the ends. 15 4 
inches 


1102 x > 904 _ 4 
Now 22 +2 ee, . 


—— 4 * 55s os == n the 
ſalidity, ay — A 


' | 
D \ F 75 N 7 ue *. 2 


A circular fpindle, is a ſolid deſcribed by t 
ation of a circular ſegment about its chord? 
circle, . of which the ſegment is a rt, call, © 
prime circle. and the diſtance of lea centre from 
that of the (middle of the chord, e the 
ſpindle, call the central diflance. 


0:8 =FIFT 2 * px? 


* 
* 780 
- 


L.s PRO- 
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PROPOSITION. XXIn. 


Mithe fruftum (EFHIG) of à circular ſpin. 
die CAFBE) ; wherein, the diameter (FE HD) 
paſſing" "thro" thes centre (D), a diameter 
(HG=2d) in ano ber place, and the diftance 
(Dl) of thoſe diameters are known ; t1 
* the" central diftance (CD =). Pl. Il. 

g. 11. | | f 


a RULE 5 > 

The difference of the ſquares. of the half da- 
meters, taken from the ſquare of their diſttance, 
and the remainder divided by the difference of the 
diameters, gives the central diſtance. 1 


The central diſtance, added to half the greater i « 
diameter, gives the radius of the prime circle. 


Ex. Ii the fruſtum of a circular fpiridle, whit Wi * 
greateſt diameter EF=36, lar GH=16; nl Wi { 
their diſtance DI go: Required the central dj: 
tance CD, aud radius CE of the prime circle ? 


r Sts; ' | 
Now (2 E 4275 18 1 
Br . 32 36 16=) * 
the central diſtance. 

- Ana (E +7 =) 25 is the radius of the prime 


circle. 
PR O- 


PROPOSITION XXIV. 
Ta find the ſolidity „ drcatin indir its 
20 1 2 1 dia mater nn. * 


ing _ 


Ly - " I 


' rft, Find the radius 6 CE=-) of the prime circle, 
and central diſtance (CD x). (Obſerving, that in 
this caſe, the leſſer diameter = gy 


2d, Find the area (a) of 2 circular zone, en 
breadth (AB) is equal to the length of the ſpindle; 
and the chord (S2CD) of exh equaled, Ne 
to twice the central diſtance. 


za, Multipl) 2 zone by the central | dftance, 
the $ 2 : 


4 


4th, To the ſquare of the radius, add twice the 
ſquare of the central diſtance, multiply the ſum: by 
two-thirds of the length, call the product B. 


5th, Then A taken from By and the remainder 
multiplied by 3,1416, will give the ſolidity. 


Mm. 


— — 


Or rr + 2 Xx N 12 ax 8. ta 


LG Ex 


Ae ATi 


* rr 2 ie 


A 
k, 


14 $4 EXAMPLE, 0 4 4 


What ix tht lei of a circular fpindle, wh 
lengths 48, andthe greater diameter is 6r | 


% {Ed 


Now {= jp LC 36 =) 7 is the central 
dimes; 5 1 ES. 
Ge =) radius of he ym 


Alſo 636641238 de ajea-of th generatirg 
circular ſegment. — 


Then 2 - - 1X2 48 +336,011258 N= 
1945,222476 is.the area of the 20e. 
_ (1945,222476X7 =)13616,557332=A, 


* Alſo (25]+2x7]x3x48=)23136=B, 


Conſequently (BA 9519,462668 X 2,1436=] 
nachos 12 is the ſalidity required, 


PR O- 
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PROPOSITION XXV. 


To find the ſolidity, (S) of a fruftum, of a 
circular ſpindie, wherein, one end (BF) 
paſſes thro? the. renter (D) :e diameters 
EF, GH) of bee ends, and their drflance 


N known. TO EEE 


47 : e297 <1” Y] 22 «fy * - n 
RULE. + I 


* 


Find the central diſtance ( CD=), and ra- 
dius — of the Fo circle. 5 


ME NSURMAMDIDN. 


Find the area (a) of a circular perry "Ihere= 
in, one end, (or chord;} is equal te the fruſ- 
tums leſſer diameter added to twice the cenual diſ- 
trance (or = 2 CD + HG); the other end, equal 
to the diameter of the prime circle ; and the breadth, 
equal to the given diſtance (D) of the'diameters ; 
multiply this zone by the central 8 Cal the 
product A. (Or put A .) c 
To the fquare of the radius of the * circles 
add the ſquare of the central diſtance z from the 
ſum, take a third of the ſquare oi che length ʒ mul- 
n the length; call the pro- 
u * 


OrB=rr+xa—21x1, 


Then A taken from B, and the remainder mul- 
tiplied by 3,1416 will give the ſolidity required. 


Ex 
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—— * * FE 4 % 


” # % &. SS 1 * * 
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XAMPLE. 


8 1 * 1 


"Wet is the fldiy of 


* of circular 


Hindle; the Sameer 2 the end paſſing tbr the ten- 
ere being 36 that /- the. leſſer | end 16; ond their 
diflance 20? — . 


Now 7 is the central diftagee and 188 
radius. 


And 679, 96 38 is the area of the zone; 
Therefore (879,5635X7=) 6156,9445=A.. 


Ao (38) +71 * 200 „ 20 106735 


N "Therefore B — | A = 4656,3888. 


Tuben 4656, 3888 * 314 =) 14628, 511 U 
the ſolidity ſought. | 


This rule is of uſe in finding the content of ſuch 
caſks, as are in the form of circular ſpindles, | 


PRO- 
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2 


rROTOSITTON XXVI. 
Fo find the ſuperficial en content of a circular ir. 


en are 
N 

RULE. 1 ol; HA 
Find the radius of the prime circle, and the cen- 


tral diſtance z and alſo, the length of the arc of 
the generating ſegment. 


dle, whoſe length 
knows. 


. Multiply the radius of the prime circle by the 
length of the ſpindle ; divide the product 

central diſtance ; from the quotient abba de 
length of the are; multiply the remainder by nee 
the central diſtance z the product multiplied by 
3,1416, will give the ſuperficies required, 


EXAMPLE, 


What is the fuperficial content of a circular ol 
toboſe length is 48; and its greateſt diameter is 360 


Now 25 will be found for the radius; 7 for the 
central diſtance ; and 9434490 for the ä of 
the arc. 


Then XL — 64,34496 X7X2X3,1416=) 
4709,794 is the ſuperficies required, 


PRO- 
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PROPO SIT IO N XXVII. 
Fp find tba convex ſuper ficies of the fruf- 


rs a circular ſpindle, where. n one end paſ- 
" the cemre: The diam ters of 1 


— ahvie diftance being ky . 


— 
RULE. 


Find the central diftance, and the radius of the 
prime circle. 

Seek the degrees (in tables) correſponding to 2 
fine found by dividing the given length of the fruſ- 
tum, by the 8 of the prime "th multiply 
Q ſe degrees by 0,01745 34, and A the central 

nce ; fi dubak che Nad from length of 
25 fruſtum; the r multiplied” by the cir- 
cumterence of the 0 bincle, will give the con- 
rex ſurface 


EXAMPLE. 


What is the convex ace of the fruſtum 
8 circular — the as the 2 pal 2 
thro the contre, n that 9 * 
and their diflance 20 


Now 7 is the central diſtance, and 25 wen. 
dius of the prime clicle. | 
And 2 =equal o f i the fine of 53,13 de 
Allo (25x2X 3,1416=)157,08 is the circumfe. 
Then 53,13X0,0174534X7=6,49103. ' 


Therefore (20—6,49103X15 208. 21217 89 
is the ſuper icies ſought. 1 f 8 


1 4 SEC- 


- 
4 
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N M 
| 8 . CT I ON V. 
Pracvrcar * 
ur T TIE 
e yin exhr wer er 12 
inch cube? b 
. Now - — = &,the number of 1730 inches in one ſide 
of 12 inch cube. 0 NON 
\ Then 4X 4 X 4 64, U number of Z inch 
cubes contain d in a 12 inch cube. 


CUuRST ION | 

A farmer borrow'd of his neighbour à piece 4 

bayrick, which meaſi pry 6 Jeet eperry-2wap 3 (that 7s, 

cube whoſe — was 6 feet.) and the borrowi ng 

armer, paid back two eee. frees, w of . 

who/e fides were thres feet; Query whether the lends 
ing farmer was fully Hee 1 | 


5 
Now 6 6 x.6 = 126, we ane 0 the piece 
Borrowed: t. par 
. by. 480 2 {> 
Therefore 27 X 2 = 54, the ſolidiy'of rhe pig 
ces paid. 
Then 5 = = 4; therefore the ending farmer 


was paid bur a fourth, 


r 


QUES- 


EE — = 
— I — * —— CY 


Fr 
— 


JS 

— eng 

_ b mn >... a 1 
we a —— — Ke ® n 


3 . * 


, „ 
EW ak — 
E 
4 0 4 * ö . i 2 1 


= * = 
— e Py _ —— 
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»” ww» 2 4c IS ——cc__-- x 44 - ——— —— — . 


QUESTION nl. 


One beſpoke an row roller for a garden, the cut. 
Aide diameter was to be 20 inches; length of the roller, 
50 inches; and thickneſs of the metal, I; inch; nay 
ſuppoſing every cubs inch weighs 4; ounces ; what wil 
the whole come to at 31 d. & W/? 


Now 14 x 2 = 2, the double thickneſs; and 
20 — 3 = 17, the inner diameter. 


Then 20 X 20 0,7854 = 374.16; and 17 * 


77 * 9,7854 = = 226, 9806. 


Tbereſore 31416 — 226, 9806 = 3 ) 


And 8721794 * 50 = 4358, 9 the ſolidity of 
7 roller 


f er. 41. py = 6,265625 . 


+ Therefore. I 12 2065625 B.: :43 58, 97 inch. 
2 1157,85 14, Cc. the weight. 
And. 3:4. = 0,01 35416 4 


Therefore 1 6 : 0,0135416 C. n 
15,79 C. Cc. = 15 45 e? * value 
ot che roller. <a i= I f 


- 


Es- 
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QUESTION W. 


A Maſon has ſet up two flone lamp-poſts, each con- 
oft ng of 4 16 inch ſquare AE /haſt feet 
zh; and a parallelopiped pedeſial F 18 inches, ſquare, 
and 3 feet high: What will ꝙ come to, at 2.5. 64, 


8 foot, d I ln 


Now 18 inches = 1,5 feet, one fide of the baſe 
of the pedeſtal. | | 
And 1,5 X 155 X 3 2 6,75 feet, the ſalidity of 
one pedeſtau. x70 23; to hea 
Alfo 16 inches = x,3 for. t. 


Now 1, X 8 0 wh, the ſolidity of 
one pyramid. | SDI 4 


Then 6,75 + trek = = 20;$9114.he iſle 
of one poſt, _ 


And ger R 22 21,7963 the «Gli of 


\ 
Now 25. 64, = 025. 4 


Then 1 f.: 0,125 1 24,963 2 524K. 
Or 4 145, 64, the whole all 


en Ede 2 


N 


F . ö vr Pugs. ax. Aa. v4 65 
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r. 32 


* 


9 617 
A, bas 4 cone of marble, the n 
whoſe baſe is 37,6992 inches, ang the height 24; 
which he would exchange with B, for a fire porphyry 
eftagonal pyramid of the ſame height; and each ide 
of the baſe is 5' inches: B inſiſts to be pad 35. an 


mb for the difference of the ſoiraivies : What fum will 
be receive ? 


Now 37 6992 * 37,6992 It o, 26529 * 24 = — 
904, 7885 the ſolidity of the cone. 


Add S N 43828427 x = 96 6650 the 


calidity of the pyramid. . 


Therefore 965,685 4 04.7885 = 190 
the difference of the Eliclttes. e As 


Then if x inch: o, x5 (:: 60, 8969: 9,1345 { 
.. Qrig L. 25. 8 d. the ſum A muſt give to boot, 


QUESTION VE” 


'. What will the. painting 4 tnbiital charth Sire come 
to at 8 d. q yard; fuppoſing the circumference of thi 
Hoſe 64 feet, and the altitude 1 18 feet ? 


Now 28 0,318 : 64: 20,371 the ar 
WeAD of the baſe. bar, l pi * 716, 


And — — = 10,135888, the radius. a 


Agaih, 118 K 118 = 13924 3 and 10, 15558 
* 10, 185888 — 103, 7523, G. 
Then 13924 + 103,7523 = 140277 5233 whoſe 
e rope | is 118, 43 feet, the ſlant fide. 


Therefore 


7 
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| Thetafote! 178,3 N 2# = 3789776 "feet; and 
FP = 421z08/ yards. as 4 

Nowgs yd.: o, og. :: 421,084 yds. 14,03614 L. 


= 14. 0s. 87d. and fo much will be the w 
Expence: : 59,0 : em WIA | 
. 8 


QUESTION W 


One has in his garden, a regular oftagonal gyra- | 
mid, of 7 feet high, with à cubical dial fixed to its 
vertex ; one fide of the cube is equal to one ſide of the 
fpyramid's baſe, which is 9 inches what will the pild- 
ing this pyramid and cube come to, at 2 d. 4 ſquare 


inch? | 
To ſolve this queſtion, 
iſt, Find the length of a line drawn from the 
centre of the baſe, to the middle of one of its ſides. 
2dly, Find the length of a line drawn from the 
vertex of the pyramid, to the middle of one fide in 
the baſe, this line will be the perpendicular height 
of one of the 8 triangles. The reſt is obvious. 
Now 9. X 1,2071068 (tab. 1. p. 144.) = 
10, 863969 is the radius of the inſcrib'd circle ;-or 
equal to the diſtance of the centre of the baſe from 
the middle of one fide, 


And 7 feet = 84 inches. 


Then V, 09 + 840 84, 7 is the ſlant 
fide of the pyramid, or height of one of the trian- 
gles compoſing the pyramid, 


Then 


238 A n 


Then 84,7 & 2 2 8 = 3049, the pytamid' 


ſuperficies. 
Alſo qc e =486 the kiperides of the cube. 
Then 3049, 2 ＋ 486 = 3535,2 the ſuperhcics 
of the pyramid and cube. __ 
And 1 inch. : o, oo83 C. (= 2d.) : 3535 2 
29,46 L. 
Or 29 C. 95. 21 d. the whole expence. 


QUESTION VII. 


What will a marble fruſlum of @ cone come te at 
I 24. 4 foot ſolid; the diameter of the greater end being 
4 feet: that of the leſſer end, 1; feet ; and the length 


of the ſlant fide 8 feet. 


Now 2 — 1,25. 
And 1,25 X ys — 1,5625. 
Alſo 8 &ð 8 = 
Then 64 — — = 62,4375, whoſe ſquare 
root is 7,9 feet, the altitude of the fruſtum. 
Alſo 4 X 4 = 16; 1,5 Xx 1,5 = 2,25; 4 
1,5 = 6.-- 
And 16 + 2,25 + 6 = 24,25. 
Then 24,25 X 7,9 X 0,2618 = 50,154 335 ſect, 
the ſolidity of the fruſtum. 


There. 1 f.: 0,6 C. :: 50, 154335 f.: 30, 92601. 
= 30 /. 15.10 d. the expence of the whole. 


QUES. 


QUESTION R. 


Sußppoſe a church. ſpire was to be built of an octa- 
gonal form ; one ſide of the greater end to be 24 feet ; 
one fide of the leſſer end, to be 12,5 fett; and the 
height 80 feet; but the inſide of the fpire ij to be run 
up in à conical form; the diameter of the baſ# is to be 
56 feet and the diameter at top to be 28 feet ; what 
wil! be the expence, at 4 5. 6d. & fotfolld 8 \ 


Now 12,5 Xx 24 3oo, the product of the 
fides of the ends. | & 3 
And 24 — 12,5 = 11,5 and 11,5 X 11,5 = 


132,25» | -0 — 3&3 td 
Conſequently * = 44,08z = to x of the 


ſquare of the difference of the two ſides. | 
Then 300 + 44,087 x 80 X 4,828429 = 
132910,5 the ſolidity of the fruſtum of the py- 
ramid. » wa: * 7 
Again 56 28 = 1568; 56 — 28 = 28; 28 
x 28 = 784; 5 = 261,3; and 1568 ＋ 261,3 
= 1820, J. | | 
Then 1829, x 80 X 0,7854 = 114940,672, 
4 ſolidity of the contain'd cone. 3 
herefore 1329 10,5 114940, 672817969, 828 
ſeet, the ſolidity of the ſtone work. | 7909 | 
Then x f.: 0, 225 .:: 17969, 828 f.: 4043, 21 130. 
= 4043 C. 45. 21 d. the coſt. 


QUES- 


240 4 TAYAT ISR gf 
QUESTION * 


A maſen is empleyd to compleat a. decayed portland 
fone tone ; be having made the upper part level, th; 
meaſures. of. the frigſlum are as. follows ; length of thy 
unt fide ia, feet; diameter of. the upper end 6 ſat; 
«nd the circumference. of the baſe. 38 feet ; what wil 
it coft at * &- foot, to put a piece an, equal ta that 
taken off 438 | 


Now i ink : 0318309: : 38 : 12,095742, a 


AWW. _ W ke 9 _ 


32,1, the.diameter of the baſe. _ 
And 12,1 — b= 6, 1. 
Therefore — = 3,05 the half difference « R 
| 
the diameters. 
- W 


Then 12 X 12 = 144; 3,05 X 3,05 = 9, 3025 
and 144 — 9,3025 = 134, 6975, whoſe ſquare roc 
is 11,6, c. the fruſtum's height. | 

Then 6, 1: 11,6: 6 : 11,4, Co the height cf 
the piece wanting. 

And6x 6X 0,7854 x 24 — 107, 44272, C. 
feet, the ſolidity of the piece wanting. 


Then 1f. : o, 15 . :: 10, 44272 f.: 16,1164, 
= 16 /. 25. 4 d. the whole expence to compleat 
Ke cone. 


QUES- 


MENSURATION. 247 


QUESTION XI. 

Three men bought a tapering piece of timber, which 
was the fruſtum of a ſquare pyramid; one fide of the 
oreater end was three feet; one ſide of the leſſer 
end, 1 foot ; and the length, 18 feet ; and they pay- 


ing equally, are to have equal ſhares; what is the 
length of each man's piece P 


Now (3X 1420 . 18=) 78 the ſolidity 
of the fruſtum, by Prop. VII.) | 
And (E=) 26, the ſolidity of each man's ſhare. 


(by Prop. X.) 


And 27 — 18 = 9 is the length of the piece 
wanting. 


Whoſe ſolidity is ( I X1x2=) 3. 


Alſo _ 27 is the length of the pyramid, 


* 


Therefore 78+3=81 is the ſolidity of the py- 
ramid. 


Now 81 27 : : 26＋3 : 7047; whoſe cube 
root is 19,172. 


Alſo 81: 27 :: 3+20X2: 13365; whoſe cube 
root is 23,731. ä 


Then 27 — 23,731 = 3, 269 for the length of 
the 1ſt man's ſhare. 


And 23,731 — 19,172 = 44559 the length of 
the 24 man's ſhare, | 

And 19,172 — 9 = 10,172 the length of the 
zd man's thare, reckoning the ſhares from the grea- 
ter end towards the leſter. | 


M QUES- 
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QUESTION XII. 
Two men purchaſe a piece 0 Egyptian granit, 


which is @ conical fruſtum, with parallel ends; whe 
greater diameter is 5c inches; the leſſer 20 ; and th 


length of the ſlant fide, 40 inches: And they agre 1 
cut it, parallel to the ends, into two pieces z equal 
falidity ; and he who takes the piece next to the gre 


ter end, ſball pay to the other, 2 d. for every /quar, 
inch difference between the whole ſuperficies of the tui 
pieces: How much will he receive, wha takes the | 


fer end? 


W WI IIS OY * 


50 — 200 


” 1 ö 
Now y/ 40| — = 37 inches, is the 


height of the fruſtum. 

And 30: 37: : 20: 24,68, the height of the 
piece wanting. 

Th. 37 ＋24, G61, f, the cone's height. 

Alſo Fo] x _ X 0,7854 = 40360,87 the 
cone's ſolidity. 

And 20 * 5 0,7854 2583, ogg, the ſa 
3 of the piece wanting. 


herefore 40360, 83 — 2583, og = 3777774 
the ſolidity of the given fruſtum. 


And JE = 18888,87 is the ſolidity of each 


man's ſhare. | 
Alſo 40360,8z : 5156 :: 2583, og + 18888, 5 
124756, 454 Whole cube root is 49,9, Oc. or 50 
inches. 
Then 
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Then (50 — 24,6 =) 25,7 inches meaſured 
from the leſſer end, and parallel to the axis, will 
give the place in the fruſtum where the fection is to 
de made. | 

And 61,6 : 50 : : 50: 40,54, the diameter at the 
ſection. 

Now 37: 40: : 25, : 27,387 the ſlant fide of 
the upper fruſtum. 


And 40 — 27,387 = 12, 613 the ſlant fide of 
the lower fruſtum. 


Alſo 50440,54 X 1,5708 x 12,613 = 1793 
8236 the convex ſurface of the lower fruſtum. 
And 204-40,54 X 1,5708 XK 27,387 = 2604, 
4103 the convex ſurface of the upper fruſtum. 
Likewiſe 50] X0,7854 = 1963,5 = area at the 
greater end. 
And 20|*X0,7854 = 314,16 = area at the leſſer 
end. | 
Alſo 10,54 X O, 7854 = 1290, 7981 = area at 
the ſection. 
Then 1793, 8236 + 1963, 5 + 1290, 7981 = 
5048, 1217 the ſuperficies of the lower fruſtum. 
And 2604, 4103 ＋ 1290, 7981 + 314,16 = 
4200, 3688 the ſuperhcies of the upper fruſtum. 
Therefore 5048, 1217 — 4209, 3688 = 838,7529 
inches the difference of the ſuperficies. Which, at 
24, an inch, amounts to 6, 989 (.; or 64. 195. 


9:4, the money he is to receive, who takes the 
fuſtum next the leſſer end. 


M 2 QUES- 
hen 
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QUEST TON XII. 


Suppoſe the globe, or ball, on the top of St. Paul's 
church to be 6 f. in diameter; what did the gilding 
tere come to at 3: d. & inch ſquare? 


Now 6 feet equal 7inches. 

And 72 X 72 X 3,1416 = 16286,0544 the ſu- 
per ficies. 

Then 1 inch: (31 d. =) 0,014583 2. : : 16286 
50544: 23759935 L · 3 or 237 C. 195. 1034, the 
EXPENCC. ow 


- 


QUESTION XIV. 


I dat is the weight of a bomb-fhell, whoſe outji: 
"arameter is 16 inches; and the thithneſs of the metal, 


-3 mches ; ſuppoſing a cubic inch weighs 41 ounces * 


Now 16 — 3 Xx 2 = 10 inches, the inſide dia- 
meter, 
And 16 x 16 „ 16 x 0,5236 = 2144,6656. 
Alo 10 X 10 X 10 X 0,5236 523, 6 the 
cubic inches in the concavity. 
TP bereſore 2144,6656 — 523,6 = 1621, 0656 
the ſolidity the ſhell. 
But 45-02, = 0,28125 Ib. 
Then 1: 0, 28125 :: 1621,0656 : 45 5,9247 Ib 
weight. Ps DB 


— - 


QUES 
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QUESTION XV. 


A perſon wants a cylindric veſſel 3 feet deep, 
that ſhall hold twice as much as a veſſel of 28 inches 
derb, and 46 inches in diameter throughout, What 
muſt be the diameter of the required veſſel ? 


Now 76“ x0,7854 X 28 = 46533,5792, the 
tents of the given veſſel. 


And 46533,3792 X 2 = 93966,7 584, the con- 


tents of the required veſſel. , 
Alfo DENT = 2585,1877, the area of the 
required vellel's baſe. 


Then 1: 1,2732 by 2585,1877-: 3201, 4, whoſe 
| ſquare root is 57, 37 the diameter of the required 
yeſſel's baſe. | 


QUESTION XVI 


One has 4 Grainery 47 feet 8 inches long, 18 fect 
5 inches broad, and ꝙ feet 7 inches high ; but wants 
another that will hold four times as much, and have 
the dimenſions in the ſame proportion to each other as 
the old one has; what will te the length, breadth and 
depth of the u one ? | 


M 3 Now 
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Now 47 feet 8 inches = 47,8; 18 feet 5 inches 
= 18,416; 9 feet 7 inches = 9,58z. 


Then 18,418 x 9,587 X 47,8 = 8412,836, 
the ſolid content of the old Grainery. 


And 8412,836 K 4 = 3361, 344, the ſolid con- 
tent of the new one. 


Alſo 47 = 108303,98, the cube of the length 
of the old one. 


Then 8412,836 : 108303,98 : : 3365 1, 34 
433215,866, Cc. whoſe cube root is 75,666, &.. 
the length of the new one. 


And 47,8 : 75,6 : : 18,418 : 29,23, &c, the 
breadth of the new one. 


Therefore 47,6 : 75,6 : : 9,587 : 15,21 neatly, 
the depth or height of the new one. 


QUESTION XVI. 


3 A gentleman is deſirous of having in bis park, « 

1 reftangular canal, of a quarter of a mile long, ibu 
ſhall contain 4 acres. on the ſurface; be 7 feet deth; 
and the ſides and ends to ſlope in the diagonal of 4 
Jquare whoſe fide ſhall be the depth 4 the canal: 
. hat will the digging come to at 45. 64. a floor (if 

18 71 ſquare, and 1 fort deep;) for work and car. 
riage 


C i An 


MENS URAT ION. 247 
An acre = 4840 ſquare yards. 
And 4 acres = 19360 fquare yards, - 
A quarter of a mile, is 440 yards. | 
Or 1320 feet, the length of the canal at the up- 
per ſurface. 
19360 
Then 1 = 44 yards. 


Or 132 feet for the breadth of the canal at the 
upper ſurface. 


And 1320 — 7 X 7 X 2 = 1506, PERL at bot- 
tom 


het X2= 118, the breadth at bot- 
tom. 


Then by Prop. 12. 


£4 


2 a 
132 + — X 1320 = 252120, 


And 118 ＋ 232 = x 1306 = 240304« 


Then 252120 +: 240304 4 1148989. 
feet the content of the canal. 


1148989,7 _ 1 
324(=18x1$) W 


Then 1 floor: o, 225 C. (24.6 d.): 354ba, ba | 
: 797,0985. 


Or 797 C. 185. 24. the expence. b 


M 4 __ QUES- 
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QUESTION XVII. 


One who had been to gauge a veſſel, which was ths 
fruſtum of a cone, with' parallel end, and 9 fe 
long ; found it held 404, 2638 gallons of beer mu. 
ſure: And being aſted for the diameters, ſaid, be hai 
forgot them, but that one was twice as much as th 
« other I bat were theſe diameters ? 


Note, A gallon, beer meaſure, is equal to 282 
cubic inches. | 

526 15 
Then — - —— = 65,9736 the ſolidiy 
of the veſſel in feet. 


Now 2519736 = 7,3304, the mean area, be- 
tween the areas of the ends of the veſſel. 

And (as the area of a circle) 1 : (to the ſquare of 
the diameter) 1,2732 C.: : (ſo is any other area =; 
743304 : (to the ſquare of the diameter) 9,z. 

tween the ſquares of the terms 2 and 1, of the 
given ratio of the diameters, ſind a mean fquare. 


Thus 2 * 142 — 


uare. . - 

Then (as any mean area S) 2, 3: (to the ſquare 
of the greater extream =) 4: : (ſo is any other 
mean area =) 9,7 : (to the ſquare of its greater ex- 
tream ) 16; whole ſquare root 4, is the greate! 
diameter, iT | 

And;21;;4 : 2 feet the leſſer diameter. 


4 = 2,2 the mean 


QUES 


Sa. aa Xo. oa... oa 


„ » 
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QUESTION xx. 


Suppoſe two porters having @ quart of Arong beer 
between them, agree to drink it off at two pulls, that 


ir, a draught to each; now the firſi having given it 


the black eye, as they call it, that is, drank till the 
ſurface of the liguor touch'd the oppoſite edge of the 
bottom, he gave the remaining part of it to the other ; 


what was the difference of their ſhares ® Suppoſing 


the quart pot was the fruſlum of a cone; the depth be- 
ing 5,7 inches, the diameter at top 3,7 inches, and 
the ſalidity 70,5 folid inches ? 


Firſt, The diameter of the bottom muſt be 


found, and then the difference of the ſolidities of 
the two hoofs. 


Having glven the ſolidity, length, and one of 
the diameters of a cone's fruſtum, the other diame- 
ter may be found by the following 


RULE. 


| Multiply the length by o, 2618, and divide the 
given ſolidity by this product: From the quotient 
lubtract 4 of the ſquare of the given diameter; 
from the ſquare root of the remainder, take half 


the given diameter, and it will leave the diameter 
ſought, ; 


M 5 Now 


» N 
2 
to A" Trxreartrsr * 


. 


_ 0,2618 ö 5,7 = 1,49226, 


Alſo 3, X 337 * 1 = 10, 2675. 
And 47,243 — 10, 267436, 9755 whole ſquare 
xoot is, 6,08, Oc. 


Then 6,08 — 2 = = 4,23 the diameter of the 
bottom of the * 
Now 4, 23 X 4423 X 4423 75, 68696). 
And 3,7 X 3, X 3,7 = 50, 65g. 


Alſo 75,6869 X 50,653 = 3833,77 193 
whoſe ſquare root 1s 61,917, 


Then 61,917 — 50,653 = 11,264. 
And 4,23 — 3,7 = 0,53- 
Allo 11, 264 


O, 
Then 21,253 X 5,7 X o, 2618 = 31,715 eubie 
mches, what the firſt man drank. 
And 70,5 — 31,715 = 38,785 cubic inches, 
what the laſt man drank, 
Then 38,785 — 31,71 5 = 7,07 cubic inches, 
the difference of their ſhares. 


= 21,253. 
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J. | F a right cone (ABC) be cutby a plane (DE) 
parallel to its baſe, (BC), the ſection will be a 
dircle. (Plate III. Fig. 1.) 


II. If the plane (DF) paſs thro' the oppoſite ſides 
(AC, AB) of the cone, the ſection will be an e//p/i5. 


(Fig. I, 2. 

III. If the plane (DG) paſs parallel to one fide 
(AB) of the cone, thro the oppoſite fide AC, and 
» (BC), the ſection will be a parabola. (Fig. 1, 
3 

IV. If the plane (DH) paſs thro? one fide (AC) 
of the cone, and the baſe (BC), in ſuch a manner, 
% being continued upwards in DI), would meet the 
Oppoſite ſide (BA', of the cone continued upwards, 
lin AI, the ſection will be a Hyperbola. (Fig. 1, 4.) 


V. The point D of the curve, neareſt the vertey 
A) of the cone ABC, and where the curve is moſt 
acute, is called the principal vertex. (Fig. 1.) 


VI. A right line (AB) drawn thro” the principal 
vertex A, dividing the area of the ſection into two 
equal parts, is called the axis. (Fig. 2, 3, 4. 

VI. In 


| 
? 
1 
N 
: 
2. 
of 
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VII. In the ellipfis, this line (AB) is called the 
tranſverſe diameter, or tranſverſe axe, (Fig. 2.) 


VIII. In the hyperbola, the continuation (DI), 
of the axe, till it meets 'the other fide (BA, of the 
_— continued, is called the tranſverſe diameter, 
(Fig. 1.) 


IX. A right line (PH=2PT), drawn at right an- 
gles to the axe (AB), and terminated at each end by 
the curve, is called a double ordinate. (Fig. 2, 3, 4.) 


X. The double ordinate (DK) paſſing thro! the 
middle (C) of the tranſverſe diameter (AB) in the 
ellipſis, is called the conjugate diameter, or conjugate 
axe. (Fig. 2.) 


XI. That part (Al, or GD), of the axe (AB, or 


DE) intercepted between the curve and the ordinate 
(PI or GP), is called an ab/ciſs. (Fig. 2, 3, 4.) 


XII. A curved priſmatic figure, with ſtrait ſides, 
and parallel equal elliptic ends, is called a cy/in- 
Aroid. 

XIII. A figure, formed by the rotation of an el- 
lipfis, round either of its axes, is called a ſpheroid: 
The fixed axis is called the axe of rotation ; and the 
other axis is called the revolving axe. 


XIV. If the tranſverſe be the axe of rotation, the 
figure generated is called a prolate ſpberoid. 


XV. If the conjugate be the axe of rotation, the 
Agure generated is called an ob/ate /pheroid. 


XVI, 
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XVI. A figure. generated by the rotation of a pa- 
rabola, or a hyperbola, about its axe, is called a 
nod, 


XVII If by a parabola, 'tis called a l c- 
noid, or paraboloid. 


XVIII. If by a hyperbola, ?tis called a Iyperblic 
conoid, or hyperbalctd. 


Note, If a plane cut a ſpheroid, or conoid, ob- 
lique to the axe, the ſection will be elliptical. 


XIX. A figure ſuppoſed to be generated by the 
rotation of a ſegment of an ellipſis, or of a parabola, 


about its ordinate, is called a ſpindle, and is denomi- 
nated, either as e//iptic, parabolic, or Mperbolic. 


XX. A part of either of theſe ſolids, contaihed 
between * parallel ſections, or plane ends, is called 
a fruſlum : And a part with only one plane end, is 
called a /egment. Fig · 75 8, 12.) 


peg (f 
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alk CF, 4cQ.;N.;. A 
Of elliptical lines, ſuperficies, and ſolids. 


- PROPOSITION I 


In an ell:p/is, any three of theſe four terms be- 
ng given; viz. half tranſverſe, (CB) half 
conjugate, (CD=c) ordinate, (FE=y) abſciſſa, 
(CE=x) the other is eafily found. (Plate III. 
Fig. 2.) 


CASE I. When the half tranſuerſe, half conju- 
gate, and abſciſs are known, to find the ordinate. 


RULE. 


From the ſquare of the half tranſverſe, take the 


ſquare of the abſciſs ; multiply the ſquare root of the 
remainder by the quotient of the half conjugate, di- 
vided by the half tranſverſe, and the product is the 


ordinate. 
Or y = * it — xx. 


EX AMP L E. 


Suppoſe the half tranſuerſe CB is 60 ; the haf 
_—_ CD ù 20; and the abſciſ CE is 36: 


Required the ordinate EF? 


2 3 | = 
Then 7 X V 60˙—36 = ) 16 is the ordinte. 
II. 
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II. When the half tranfverſe, 54 conjugate, and 
ordinate are known ; to find the AbJerſs, 


RULE, 


From the ſquare of the half conjugate, take the 
ſquare of the ordinate ; multiply the ſquare root of 
the remainder, by the quotient of the half tranſyerſe, 
divided by the half conjugate, and the product is the 
abſciſs. | = 


or = 


EXAMPLE. 


Suppoſe the half tranfuerſe (CB) is 60 ; the half 
conjugate 57 25 ; and the ordinate (FE) is 16; 
Required the abſciſs (CE)? 


Then (= X20 X 20— 16 X 16 = 36 is the 
abſciſs. 


III. Thx 
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III. The half conjugate, the ordinate, and abſcij 
being known ; 10 find the half tranfoerſe. 


R UL E. 


From the ſquare of the half conjugate, take the 

are of the ordinate z make the ſquare root of the 
remainder, a diviſor to the product of the half con- 
jugate by the abſciſs ; and the quotient will be the 
half tranſverſe. 


Ort = _ 
Vcc yy 


EXAMPLE. 


Suppoſe the half conjugate (OD) is 20; the ordi- 
nate (EF) is 16; and the abſeiſs (CE) is 36: Re. 
quired the half tranſverſe (CB) ? 


20X 36 
— == h f tranſ- 
Then EE ) Go ls the half tran 


verſe. 
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IV. The half tranſverſe, the ordinate, and the ab/- 


i being known ; to find the half conjugate. 


RULE. 


From the ſquare of the half tranſverſe, take 
the ſquare of the abſciſs; let the ſquare root of 
the remainder, be a diviſor to the product of the half 
tranſverſe by the ordinate; and the quotient will be 
the half conjugate. 


Or —— 


EXAMPLE. 


Suppoſe the half tranſverſe (CB) is 60; the 
Ls) is 16; and the ab/aſs (CE) is 36: Re- 
quired the half conjugate * | 6 


60X 16 Ws © 

——= = 20 is the half con- 

Then rom — 20 is the ö 

eate, | * I | T 
PRO. 


4 2 —— — 


„ 
= ==xx 
2 


— AS ore * — 
_ * mY 
— D—— — 


ic = 
, © Fs —— — 2 
r 


— 


I ED 


by Ca 
OS is 

— — — — 
9 EEG 
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PROPOSITION II. 
To find the periphery of an elligſis, the tran 2 


verſe and conjugate diameters, or axes, being 
known, 


RULE. 


Multiply half the ſum of the two diameters, by 
3.1416 and the product will be the periphery, ex- 
act enough for moſt practical purpoſes. 


What is the periphery of an ellipfis, whoſe tran/- 
perſe axe 15 24, and the conjugate 18. 


Then 25 X 3,1416=) 65,9736 is the pe- 


riphery ſought. 


The periphery of an ellipſe may be found nearly 
accurate to five places, by the following table, con- 
ſtructed by Sir Jonas Moore; who ſays of it, T have 
& made above 45000 arithmetical operations for this 
e table, and am now well pleaſed it is finiſhed. Some 
4 perhaps may find ſhorter ways, as I believed I had 
„ myſelf, till adviſed otherwiſe by the truly honour- 
& able the lord Bruncter. I therefore purſued the 
« rules given by me, in contemphtion of the ellipſis 
« printed in my arithmetic, taking 100 ellipſes be- 
c twixt that which falls upon the diameter (equal in 
& this caſe to 2,0000; the firſt in the table), and the 
c greateſt which is the circle, (the laſt).” 


; A T aBLt 
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A TABL for finding the Periphery of an 


Ellipſis 


* 


8 0 A wo w 


Periph. 


2,0012 
2,0028 
2,004.8 

2, 072 


2,0100 


2.0133 


2,0170 


2,0213 
2,0261 
2,0314 
2,0370 
2,04.32 
2,0496 
2,0564 
2, 0634 
2, 708 
2,0784 
2,0862 


2,0942 
2,1024 


2,1106 


2,1192 
2,1281 
2,1373 
2,1467 

2,1501 
251658 

2,1756 
2, 1856 

2,1956 

2, 2057 


00 
2 


2,2160 


2,2264 


103 
104 


i 


Periph. 
2,2308 
2,2474 
2,2581 
2, 2692 
2,2803 
2,2915 
2,3028 


2,3142 
2,3256 


| 


253371 


2,3488 
2,3007 
2,3726 
2,3848 
23978 


2,4094 
2,4218 


2,4342 


2,4467 


2,4594 


2,4723 
2,485 2 
2.4983 
2,5114 
245245 
2,5377 
2,5 5 10 
2,5644 
2,5779 


2,5918 


2, 605 2 
2,6189 


2,6327 


E 
104 
105 
107 
111 
111 


1127 
113 
114 
114 


»„—ꝛ—-— 


117 
119 
119 


— 


| 
122 


122 


124 
124 
124 


127 


129 
129 
131 
131 
131 
132 


134 


136 
137 


115 


125 


[| 


133] 
135] 


137 
138 


a Tenge 
7 | 2,0465 


2, 6604 
2,6744 
2.6884 
2, 7025 


2,309 
2,7453 
2,7599 
2.7745 
2,7891 
2,8038 


2,8334 
2,8482 
| 2,8630 
2,8779 
2,8929 
2, 9080 
2,9231 
2,9382 
2,9534 
2,9686 
2,9839 
2,9993 
$,0147 
3,0302 
3,0458 
3,0614 
3.0771 
3,0928 


2,7166 


2,8186 


3,1244 


3, 1086 | 


\= 


139 
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The uſe of the table, for finding the periphery 

of an ellipſe, whoſe tranſverſe and conjugate axes 
are RBOWN. 
| 
Fr, 4 RULE. 
' Divide the conjugate by the tranſyerſe ;,if the quo- 
tient gives no more than two places, ſeek them in 
the columns ſigned axe; the number right againſt it, 
in the column figned periphery, multiplied by the 
given tranſverſe, will give the periphery required. 


EXAMPLE I. 


+ Let the tranſuerſe bet; and the conjugate o, 5: 
Reguired the periphery ? 


Now = = 0,50, 


And againſt 50 (found in the column figned axe) is 
2,4218; (found in the column figned periphery). 
Then (2, 4218 X 1 =) 2,4218 is the periphery 
fought. 


EXAMPLE Il. 


Let the tranſverſe be 24, and the conjugate 18: 
Required the peripbery ? 
Now 15 2 „75: Againſt it is 2,7599. 


Tben (2,750 x 24 =) 66,2376 is the periphery 
required, | 


* 
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If the quotient of the conjugate by the tranſ- 


verſe exceed two places. 


RULE. 


1ſt. Seek the two firſt places of the quotient 
in the column ſigned axe, and take out the pe- 
riphery againſt it ; and alſo the number next below 
it, in the column figned di. , | 


2d. Multiply this diff. by the remaining part 
of the quotient; write the two left hand places 
under the two light hand places of the ſaid periphe- 
ry ; their ſum multiplied by the given tranſverſe, 
will give the periphery required, 


EXAMPLE III. 


The longer axe 10000, and the ſhorter axe 4382: 
Required the periphery ? 


0000, * 4352. 


Againſt 43, and under periph. is 2, 337 T. 
Between 43 and 44, and under diff. is 117. 
And 117 * 82 E 9594 or 96, or o, oog. 


Then 2,337 1 + 0,0096 X 19000 == 23467 for the 
periphery required. 


E X- 
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EXAMPLE IV, 


Suppoſe the tranſverſe diameter is 32, 54, and the 
conjugate 18,64 ; Required the periphery ? 


18,6 * 
Now 5% 087283 3 againſt 57, and under 


periphery is 2, 5 114; and under diff. is 1313 
And 131X283 = 37073, or 0,00037. 


Then(2,5114+0,0037X32,54=)81,841 is the pe. 
riphery. 


— — 


PROPOSITION III. 


To find the area of an ellipfis ; the tranſoerſ: 
and conjugate diameters, ar anes, being Known. 


RULE. 

Multiply the tranſverſe by the conjugate diame- 
ter; the product multiplied by 0,785 4 will give the 
area required. 

EXAMPLE. 


_ What js the area of an ellipfis whoſe tranſuer ſe an 
75'24, and the conjugate 18 ? 


Then (44X18X0,7854=) 339,2928 is the ares. 


Note, The area of an ellipſis is a mean propor- 
tional between the area of a circle on its tranſverſe 
axe, and the area df a circle on its conjugate axe. 


PR O- 
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PROPOSITION IV. 


In an elliptical ſegment, (PDF, PAH) the 
baſe, (PE, PH ) or double ordinate ; the 
beight, (GD, IA g X) or abſciſs ; and an abſciſs 
(Dg, Ae=x) correſponding to an ordinate (p, pe) 
equal to 4 fourth of the baſe, (PFE, PH) being 
known ; to find the length of (DK, AB, that axe 
of the ellipſe to which the baſe is perpendicular. 
Pl. III. Fig. 2. 


R LE. From the ſquare of the greater abſcils, 
ſubtract four times the ſquare of the leſſer abſcils ; 
divide the remainder by the greater abſciſs leſſened 
by 4 times the leſſer abſciſs ; and the quotient will 
ſhew the axe required, | 
XN Xe 4 xx 
X —4x 

If the difference between the axe and abſciſs, mul- 
tiplied by the abſciſs, be greater than the ſquare of its 
correfponding ordinate; the axe found is the tranſ- 
verſe ; if leſs, the conjugate. 


Or, the axe 


Ex. I. Ina ſegment of an ellipſis, the half baſe, or 
ordinate is 40 ; the height, or abſciſs, is 12; and the 
abſciſs to the ardi nate 20, is 2, 50455: Required the 
axe to which the ordinates are perpendicular? 


2 


Then ( 12_= 250455 X 4 


12 — 2,50455 X 4 
bo is the axe. 


—2 


= 59,90, Cc. or) 


Now 60—12X12==576 ; and 40K 40 21600. 
Therefore 60 is the conjugate axe. 


E. 


264 lTRTAT TSR of 


| | 1 32. 5 9 

Ex. II. 1 an x elliptic ſegment, whoſe abciſs is 10, 
and ordinate 18; and the abſciſ to the ordinate 9, i; 
2, 30304 Required the axe to E 90 ordinate 
are perpendicular 8 W 


.. 


10 — 2,39304 X 4 


Now.100—10X 10900 ; and 18X18=324 ; 
T herefore 100 is the inen axe. 


* * 


ma ro = 2, 30304 X +. =) 100 is the axe 


” 
LS * 1 


i: PROPOSITION v. 


7 find be area of an elliptic a, cen ba cut 15 
rallel lo either axe. 


I. The tranſuerſo 5 conjugets arte, (AB, DK 
and the diftance(CF) of the 3 parellel to the con- 
jugate, bring known,” Fi ig. 6 
. 

In the cireumſeribing circle, find the are 
(e BF) of che correſponding circular ſegment, 
(by Prop. XXII. part I.); multiply this area by the 
conjugate, the product divided by the tranſyerſe, will 


ive the area of the eljiptical ſegment. 


Ex- 


MENSURATION. 26; 
| E XA MPI. E. | 


In an ellipfis tranſver /e Hades (AB) 
i5 120 z its conjugate (DK) 40: is the area of 
72 thereof, cut at the diſtance (CE). 36, from 

center? 
Now (22 —36= EB=) 24. is the height of the 
4 _ 2432 
And (rs agen XV be 


1610,2488 is the area of the circular ſegment. 


Then ( 1610,2488 xX<=)536,7496 is the area 
of the elliptic ſegment. 


II. The tranſverſe and conjugate axes, (AB, DE) 
and the diflance (CE) of the ſeckion, parallel to the 
tranſverſe, being known. Fig. 5. 


RULE. 


In the inſcribed circle, find the area (D) 
of the correſponding circular ſegment (by Prop. 
XXII. part 1.) ; multiply this area by the tranſ- 
verſe ; the product divided by the conjuge will give 
(he area of the elliptical ſegment. 
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EX AMP LE. 
In an ellipſi, whoſe tranſverſe art (AB) is 120, 
its conjugate ( DK) 40; I bat is the area of a ſeg ment 


\thereof," cut parallel to the tranſverſe, at the di 
(CE) 16 from the center ? Yoerſe, sffance 


Now (i — 16=ED=) 4 is the height of the leg, 


Fs TENT WE IF .\ 


— 
„* 


1 4X 32 F 1 | 
And{ * ehe s, s 


the area of the circular ſegment. 
Then (65.308 x 5 =) 196,194 is the area of 
the elliptical fegment,” 


III. hen there are known, the tranſverſe and tes. 
*ugate axes; (AB, DK) and alſo the degrees in th: 
circular arc (e D/ e B/, of the inſcribed or circun- 
Aribed circies), cut off byabe baſe (aEF) of the ſegment, 

J 8 + * : 
RULE. 


Multiply the degrees by o, 0174533; from 
the product take the fine of the given degrees 
{tound in tables); multiply the half of the remain- 
cer, by half the tranſverſe; the product muluplicd 
by halt the conjugate, gives the area required. 


E X- 
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EX AM PELE IJ. 


In an elligſts, whoſe tranſuerſe ur (AB) is 120; 
its. conjugate (DK) 40; Reguire 'the area of u 
{egment thereof, (FDP) cut parallel to the tranſperſe 
axe; when the correſponding art (e Df) of the inſcribed 
circle contains 73% 44% 24"? |. ; 


Now 73% 44' 24 =73, 74 degrees 


And its natural fineis 96000 15, r £319. 56 
70. — 9600015. 120 40 
Ib. (8. e 


196, 2024 is the area. 
EX AMPLE I. 


In an ellipſis, whoſe tranſuerſe axe (AB) is 1203 
its conjugate (DK) 40: Required the area & à ſeg- 
ment therec, (F BL) cut parellel to the conjugate, when 
the correſponding arc (B] of | the circumſcribing cir- 
(it contain 196% 15 36* 8.43.7 WA 7 
Now 1069 15“ 36”=106,206 degrees, 

And its natural fine is 9600015. | 
Th(0,0174533X106,25 - 9600015 120 40 
"TY TI =) 


— - 


53,7 5 36 is the area. 


N 2 PR O- 
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PROPOSITION VI. 


J find: the ſolidity. of a qlindroid, (or elliptic 
. — the diameters of its end, and its length 


being known 


RULE 
Multipt the area of the end, by the le and 
the product will be the ſolidity required. 0 


EXAMPLE. 


I bat is the ſlid of a oh ndroid, whoſe length is 
8 feet, and the diameters of either end, are 3 feet and 


2 feet © 
Then ( 3X2X0,7854x8=) 37,6992 is the ſolidity 
required. 


PRO PYOSATION vn. 
To find the candex ſur face of @ cylindroid; the 
length, and the diameters at either end being 


known. 
RULE. 


Find (by Prop. II.) the periphery at either end, 
and this multiplied by the length wi give the con- 
þ vex | urface nearly. 


E NSU RAT TON. 4260 
EX AMP LE. 


That is the convex ſurſace of d oylindroid whoſe 
length is 8 feat; and the principal diameters of aber 
end, ure 3 feet and 2 fett? © 


Then (xg. aeg 62,832 is the convex 


ſurface. 
Or ==, 666d ; againſt 66 in the tab. p. 259. 1 
And the diff. 0, or 91, or o, o 1 ; 
Then (2,6327 png 009 1X3XB8=) 637033 is the 
convex ſurſace N 


P10 VIII. 


To find the ſalidity of a ſpheroid, the axis f 
rotation, and the revolving axe being 


BULK... 

Multiply the fixed axe by the ſquare of nw 
yolving axe, the product multiplied by , 5236 
(=>) \will give the folidity. OK pet n 


6 

\ EXAMPLE I. 
What is the ſelidity of A protate  fpheraid, hoſe 
tranſuerſe axe is 100, and its conjugate is 60? 


Tben (100 60 X 6,5236=) 288496 I the poli- 5 
dity required. 1 
EXAMPLE II. 


IWhat is the ſolidity of an oblate ſpheraid, N longeſt 
axe is 100, and ſhorte/? axe is 60 ? 


Then (60100 x 0,5236=) 314160 is the ſolidity 
required. 


Mete, A ſpheroid is } of its circumſcribing cylinder. 
N 3. P R O- 


1 


2790 TRT AT TSE off 


- = © 


— _—_— — 8 — 


— —_— — —_ 4 * — —— xp 


"PROPOSITION: N. 


2720 fol the ſuperficial content of 2 ſpbervia 
the ae. and conjugate axes _—_ known. 


RULE: 


| From the n of half the tranſverſe, take the 


ſquare of half the conjugate ; let the eu“ root of 
the remainder be called AK. | 


In a prolate ſpheroid ; multiply 6,019 4534 by 
thi degrees correſponding. to à fine, produced by 
dividing A by half the bx d axe: tn the pro- 
duct B. ö 


10 ww hl? ſbewid ) multiply 2 302685 by 
the common logarithm correſponding to the quoti- 
ent, of the fum of A and half the revolving Axe, 
divided by half the fix d Axe: Call the product B. 


Multiply B by the ſquare of half the x- d Axe; 
divide the product by A; to the quotient add half 
the revolying, Axe ; the ſum. multipled by the re- 
volving Axe, and by . Fl lere the ſuperfi. 
cies eng! # > Y 


» Ex. 
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EXAMPLE, I. 


Mat is the eee, content of a  prolate fobe- 
1; 2 longeſt diameter is 100, and the ſpurtęſt 
is bo 


: Here 100 is the fix'd Axe ö and 60 the us 
xe. 


Now ( — 97 


And (40 £22 2 =) „8, is the line of 53,13 
degrees nearly. 
Then (53, 13 X © 20174534) 0,927289142=B. 


Thi (2927289143 X . 


40 ee, 92 
16579,273 is the fuperficie ſought. | 
EX A M p L E n. 


132 


70 607 # 


Here 60 is the ax'd Axes and 100 > the revol- 
ving Axe. 


"Abd the logarithm of (40 + — — 5 892 3, is 


0,477 1213. 
Then (2,302585X0,477 1213= 7,0986123. 


Th. 68 : Lal + 222. 109 X 3.1416=) 
2347 3,032 is the ſuperficies ſought. 


N 4 PRO- 
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PROPOSITION X. 


70 find the ſolidity (ABC S) of a ſegment of 
4 ſpheroid, cut parallel to either axe; thoſe axes, 


(DE=r,FB=f) and the height (aB = of the 
ſexment being Pl. It. Fig. 7. 8. 


I. When the ſeftion CAC) is perpendicular 
to the axis of rotation (FB). 


Here the ſection will be circular. 


RULE. 


Divide the ſquare of the revolving axe, by the 
Jquare bf the Hxed Axe; multiply the quotient by 
thrice the fixed axe, leſſened by twice the height of 


the ſegment ; multiply the by the ſquare of 
the Taid height; this Ae multiplied by 0, * 
will give the ſolidity of the ſegment. 

p 


or nung 


EXAMPLE I. 


in 0 prolate ſpheroid, wheſe tran 
100, its conjugate 60; what is the ſolidity of a Jr 


ment thereof, whoſe beight 15 10, and cut perpend 1 


culur to the — axe? 
Now = = 0,36. 
I 


And 100 X 3'— 10 X 2 2 280. 


Then (0,36 x 280 x 10 X o, 5236 =) 5277, 
$88 is 0 ſolidity requird, 


* 


II. 


| 
| 
| 
| 
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r X AMT E n. 
In an oblate foberaid, whoſe greater. diameter 


in 100, ts leſſer. 60; what is the ſolidity of d fag: 
ment thereof, whoſe beighth i is 12, and * perpendi- 


cular to the wats axe? | 
ay 
Now 100] 2 2, E * 09 
80 | * 


en- N guk 


Th. (2% X 156 X 12 vor 0 be 
is che ſolidity required. 


H. Nen the fin (AC) is Ale to th 7 
ef rotation (DE). 


Here the ſection will be elliptical, 
FUSS .* 

Divide the fixed axe by the revolving axe; mul- 
tiply,the quotient by thrice the revolving axe, leſ- 
ſened by twice the height of the ſegment ; multi- 
ply the product by the ſquare of the ſaid height; 


this product multivlied by 0,5236 will give the fo- 
idity of the ſegment. | 


* 
Fi. -% 
; 


1 
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F TAI F. I. F. I. 


- In 4 prolate ſoberoid, whoſe tranverſe. axe is 
100 itt conjugate bo; what is the folidity of a ſeg. 
ment thereof, whoſe height is 12; and cui parallel u 
the tranverſe ae N. 
100 | 
And boxg3—12%X2 = 1156. 
Then (1,6 X 156 x 12 x 0,524 =) 1960 
584 is the ſolidity required. . . 285 
. 
In an oblate ppbervid, whoſe longeſt axt i 100; 
its ſhorteſt axe is 60; what is the folidity of à [eg- 
ment thereof. .whoſe height is 10; and cut parallel ty 
the conjugate axe | 


= 0,6. 


And 100 X 3 — 10 X 2 = 280. 
Then (o, G X 280 X 100 X , 5236 =) 8796,48 
is the ſolidity required. 


II. The folidity. of @ ſpheraidical ſegment may te 


- 


found by the fallowing, 
3 
As the ſolidity of the ſphere 1 ibed, 


To the ſolidity of the ſpheroid. 

So is the ſolidity of a ſpherical ſegment, 

To the ſolidity of the correſponding elliptical 
ſegment, | | ; 


E NSU NAT TON. 256 
3 


I. In a prolate ſoberaid, where the longe are 18 
100, and the ſhorteſt is bo: What is the folitlity of @ 
ſegment thereef, whoſe height is 10, and cut Preto 
dicular tothe tranver/e axe? 11 


Now (oo x 0, 5236 =) 523600 is the folidty 
of the circumſcribing ſphere. | 

And (50 c 100 x 0,5236 =) 188496 is the 
_ 61:4ity of the ſpheroid. 

Allo (100 X Z_— IO X 2. X 10|* X 0,5236 =) 
14560,8 is the ſolidity of the correſponding r 
cal ſegment. 

"Then (523600 : 188496 2 14660, 8: 5277, 
88s is the ſolidity of the ſpheroidal leans re- 
quired, Nds Uh 


II. in a prolate ſpheroid whe tranfutrſe axe 15 
:00, its conjugate bo; what 15 the folidity of a ſeg- 
ment thereof, whoſe height 75 12; and cut "_—— 
* the tranſverſe ? 


Now (50 x 0,5236 =) 113098 is the Fol 
iy If the inſcribed ſphere. 
And 188496 is the ſolidity of the ſpheroid. 


Alſo (bo X 3 — 12X 2X 120 Xx O, 5236 
11762, 1504 is the ſolidity of the correſponding 
ſpherical ſegment. 

Then (113097, : 188496: : 11762, 1504 
19003, 584 is the ſolidity of the ſpheroidal ſegment 
required. | 


N 6 III. 


aps: A NOISE 


III. N an oblate fpheroid, whoſe longeſt diameter i; 
100, its ſhorteſt 60; required the folidity of a 
ment whoſe * is 121 and cut poraltel to the 2 
tr ; 


Wy int. 
Now the ſoliity of me inſcribed 1 ſhhere is 
113095, 6. 


And the ſolidity of the bee is 314160. 


And the ſolidity of the correſponding ſpherical 
ſegment is 11762, 1 504. 


Then (113097, 6: 314160 : : 11762, 1504 0 
32672, 64 is the ſolidity of the ſpheroidal ſegment. 


IV. In an oblate ſpheraid, whoſe principal axes 
are 100 and bo; ; required the ſolidity of @ ſegment 
whoſe height is 10; and cut parallel to g axe? 


Now the ſolidity of the circumſeriding ſphere i is 
523600. 


And the ſolidity of the ſpheroid is 314160. 


Alſo the ſolidity of the correſponding ſpherical 
ſegment is 14460,8. 


Then (523600 : 314160: : 14660,8 :) 8796,48 
is the ſolidity required. * 


PR O- 
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PROPOSITION, XI 

To find the ſolidity (8) of a fruſtuw (DEAC). 

of a ſpheroid, one end (DE) paſſing thro? the cen 

tre (G) of the ſpheroid, perpendicular to an 

axe (FB); the diameters (DE=D, AC=dY of 


the ends, and their diſtance. (Gag) being 3 
Pl. III. Fig. 7. 8. 


I. When the ns are Perpendicular to the 
axis of rotation, .' 


Here each end will be circular. 
R U L E. 


To twice the ſquare of the diameter of the grea- 
ter end, add the ſquare of the diameter of the leſ- 
ſer end; multiply the ſum by the diſtance of the 
ends; the product multiplied 07 0, 2618 will give 
the ſolidity required. | 


or =D 


Ex. I. What is the ſolidity of a fruftum n 
ſpheroid, the #nds being perpendicular to the tranſ- 
verſe axe; the diameter of the greater end being 60, 
ut of the leſſer. end 36; and the diflance of the 
ends 40? 


Then (bo* x 2 + 55 * 40x0,2618=) 88970, - 
112 is the ſolidity ſought, 


Ex. II. 


A T Ar b V 


Ex. II. Bar is the e mof an ob. 
late ſphercid, the : being perpendicular to the con- 
jugute a; the diameter of the greater end being 
10% that of the- leſſer” end 80, ond the Ne? Y 
W 
T. (158. 5 2 2+ bo noni ne. 
35 is the ſolidity tought. - | 


II. When the ends are ale is ie axis * 
ratatiunn. | 


Here each end will be elliptical. 


RULE. 


| Multiply twice the tranſverſe diameter of the 
greater end, by its conjugate ; to the product, add 
the rectan 80 under the tranſverſe and conjugate di- 
ameters of the leſſer end; multiply the ſum by the 
diſtance ef ends, the product multiplied by o, 2078 
will give the ſolidity required, 


Or putting T, C, for the longeſt and ſhorteſt dia- 
meters of the greater end. 
6, thoſe of the leſſer end. 


Tben8 22 TC T IX 


Ex. III. In the fruftum of a prolate ſpberoid, the end; 
being perallel to the tranfuerſe axe; the two diame- 
rers of the greater end, are 100; 60; and the two 
diameters of the leſſer end, are 80; 3 48; the diſtance 
of the ends is 18: Pequired the lidity of that 


fruflum ? 


Then (2 x 100X60 + 80x 48 x 18X0,2618=) 
"4044416 | is the ſolidity ſought. 


” 'S 
7 
4 
1 
” 


E x. 
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Ex. IV. In the ſruſtum of an ollate ſpheroid, the ends 
bring parallel to the conjugate axe ; the two e 
F the greater end 'are 100; bo ; "the 7100 did 
of the leſſer. tr end, are 60, 36; and the diſtance of 
the ends 75 403 require el rhe Heidi of that Autun 75 1 


Then e 0 ese 
148283, 52 is the a en 


en OPOSITION. XII. 
9 0 ud 115 e ——＋ of & fer 


o/ a ſpheroid, one of whoſe parallel ends, paſſes 


thro the centre of. the. beroid, perpendicular 
to the fd axe, 7100 # ameters of the ends of 


the Fa fam, of their e in. ne $ 


bs 2 w4 u. "6x; 


: * 177 
# Fi 
» 4 _ wy »# o 
Hts t 


—_ 


1. Find the fix'd axe. 


2. Let the ſquare roof, of the difference of the 
ſquares, of half the fix d, and half the revolving 
axe, be called A. 


3. Multiply the ſquare of A, A the ſquare of 


the length; ) _ 1. the product 3 from 0 the fourth 


power of half the fix d axe; let the ſquare root of 
the J nn er © be called B. 


4 


280 TIA E AT 132 


"4. In a prolate ſpheroid; multiply A, by the 
8 of the fruſtum; diyide the product by the 
ſquare of half the longeſt axe; ſeek the quotient 
among the ſines; multiply the correſponding de- 


grees dy 0,9174534: Call the product D. 


4. In an oblate ſpheroid : Multiply A by the 
length; to the product add B; divide the ſum by 
the ſquare of half the ſhorteſt axe; multiply the 
logarithm of the quotient by 2, 302585: Call the 
proda@:D to whe thy ann cs 


5. Divide the ſquare of half the fix'd axe by 
A; multiply the quotient by D: Alſo, divide 
the length by the ſquare of half the fix d axe; 
multiply the quotient by B: The ſum of the two 
products, multiplied by half the revolving axe, 
and by 3,1416, will give the ſuperficies required. 


Note, The difference between the convex ſurface 
of the hemiſpheroid and this fruſtum, will give the 
convex ſurface of a ſegment of a ſpheroid. 


MENSURAT ION. 
EXAMPLES. 


1. What is the aber farface ad FN 
prolate fpheraid, the diameter of - $} 
36, that of the greater end, — * 603 
and the diſtance 40? 7 


284 


gte = 0,6 iv e beet g . 


Then (39,79 K 0,0174534 =)-0,69447 =D. 


* In 


And ( gol? — 4ol* * 46 =) 1920,94 = R. 


Tben (LED x o, =) 43:404375-= 
one r 


And 
50 2 50 
ther product. 
Therefo. 43:494375+30,734968= 70139372 


Then (74, 139372 X & X 31410 =) 6957, 
518947 is the ſurface required. 


* 
* 


X 1920,94 2 3097 7269968 = 0» 


II. 
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H. Mat is the convex far fac 4. fruſtum of an 
oblate ſpheroid, the diameter of 4-4 4 leſſer end being 
805 that of 700 greater end, eig axe, 100; 


— hho 1 182 Ane 
re ros 3&1 Nn ih 1 
15 1 
No row 2 Zo 


And E — — * 2 =) 60 is the fix d axe. 


Then | =) 4 40 = ='A, 


And ( 30 + 40 * X81? NEAT 

4 2 e 080625 whoſe 
log. is etl hs, try erte 

re (0,319 1938 * 2555 = 0,7 7326682 


No EXD * 657326682 =) 16 5,485034 


== one product. 
Added 
30 * 
other —— 4 
-£ Ao. 16, 4850345 ＋ 23, 51248 = = PR 362825. 
«Then (39,5362825 x 22 * 31416 — re 
3 592 54 is the ſurface required, 


116258624 = 2505208 = — 


115 PR O- 


ons = 


ME VS VURAT ION a 


PROP: 0 SN FON. III. 


"T4 Pri ati ipti ical [bit 775 (KDLA) is Jagth 
or axis (KL=)) ; 3 A perpendicular diameter 
(DA=2D)-1n,tbe middle ;' aud avother parel- 
lel thereto 'EH=20) biſecting the half length, 
being” Raown 3':t0 find the axes —— DD 
=20)'p gre args 


Frg. 9. +, #1 BW # 2 


. ee r lr e ge 1 an giege, tte 
re of che difference” of tt the'two diameter; 
2 the remainder by half the greater: diameter, 
leſlened by, twice the difference of the two diameters; ; 
the quotient will be that diameter of the'ellipſis, No 
which the axe of * W is n 


0 . #4 
87 \ » T ww CN RY 


=an * of the ellipſe, - WWII 


— 


7 -2D — 24 
Aud the tranſverſe will be found pes. 


Ex. In an elliptical ſpindle, whoſe length, 45 80.5, 
the greater diameter 2.4, ; and the diameter at 4 
quarter thi length as 18399092 : Required Ar tranſ. 
ver/e and conjugate axts of” the genen b * 
N24 15, 99694 = = 5700906. N the wſprence'o 
the two diameters, AY 
Th 1 2— 58956 = | Sr. or) 60 is 

” (118557872 595995 ) 5 
the conjugate axe. 


Hence the tranſyerſe will be 100, 


In 


% A T T1 4 of 


In thefruſtum of an eli tial ſpindleʒ where bne end 
paſles "thro? the centre of the ſpindle; the length of 
the fruſtum ; the diameters of the ends; ; and a dia- 
meter diſtant Nom the ends, being known; 
the axes of the ellipſe will de found & follows. 8 
Mis Were ec 
9 it ka LE. From the ſquare of Half the difference, 

tet and lefler giameters, ta the ſquare of 

he 95 erence of the greater and mean diameters for 
eh From half the difference of the greater 
and leſſer diameters, take twice the difference of the 
reater_ang mean diameters for a diviſor; the quo- 
tient will be chat axe of the —— to money | the 


f&Qion is berpendicular. 1 4 


E x Inthe fruſtum of an ellipt Uiprical Ju 4 
to the tranfuer/e) whoſe length is 14; the diameter of 
the greater end 2.4 ; that of the It . and 21, 6; pad 
the diamoter in the miduay 2349909; Who What ares 


axes of the ellipſe ? 


Now Hz) 1 1,2 is | the hal difference a 


the greater and leben diameters.” | 


And (24—23,49909=) 0,5909 is the difference 
between (he. greater and a diameters, 


« 


| I, 29,900 Il = 6001 conjugate 
Then (5859597 N7 en. 


And 100 is the tranſyerſe axe. 


PR O- 


, *% oo», a 


<q oo Oo A © 
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p RO POSITION XIV, 


go find the ſalidity (8) an elligtical * 
de (KDLA) ; wherein the length of its awe 
(KL); its greateſt diameter (AD=D) ; 
and the diameter (EH) at a quarter of the 


length from one end ave known ; the axe of the 


ſpindle bein ng parallel to that of the n 
2 Pl. III. Fig. 9. | 


RULE. 


1. Find the axes of the ellipſe, and the central 
ſtance (Gl==0). 4 


2. Find the area (A) of an elliptic ſegment, the 
meaſures of whoſe baſe and height, are reſpectively 
ork thoſe of the axe and nn of the 


3. Divide this area, by a third of the ſpindle's 
length ; ſubtract the quotient from the ſpindle's di- 
ameter ; multiply the remainder by eight times the 
central diſtance z to the product add twice the ſquare 
of the given diameter; multiply the ſum by the 
given length; the product multiplied by 0,2618 
Will ae. the ſplihty required, 


— — 


A p 
Or S=D— 1 da DDL 12 


1 Ex- 


£80 {TI R$ A DISE gh; 


1155 E X AM PE 


eri is thefolidity of an elliptical ſpindle, the length 
of whoſe axe is 80 3 the. greateſt diameter is 24; and 


cee e the . 18, 990904 
(1 0 un Is 


Now the conjugate "and d tranſye EPO of th 
ep are $0 aid 100. ay \\\" 1 & * BY | 


M III { 
Then 2 — 5 * 18 inhediflnce of the center: 


ſo the area of. the elliptic Ta wWhoſe bale i 
bo, and height 12 ; will be found equal to 670,942, 
287 . 2309, 12220711 1100 


And 24 — 25, 160325 = — 1, 160325 
Therefore — 1,160325x8X18= — 167,0868. 


Then (2324]* — 167,0868 x 80 x 0,2618 = 
20628, o22 is the ſolidity ſought, 


PR O- 


MENSURATTON. 27 


PRO P.0,SL/T,I-O.N XV. 


To find the ſolidity S of a fruſtum CDAHE) 
of an elliptical ſpindle, one of. whoſe" parallel 
ends (AD) paſſes: thro the centre (1) of the. 
ſpindle : The diameters (ADñ =D, EH Sg), "of. 
thoſe ends, their diſtance (IB=/), and a dia- 
meter (ef ) taken i in the midway, being knoten. 
Pl. III. Fig. 9. N 


R UL E. ban 


Find the axes of the ellipſe and the central Cit 
ance (GIS). 

Find the area (A) of an elliptical ſegment, whok 
baſe is twice the length of the fruſtum ; and whoſe 
height is equal to the difference of balf the diame- 
ters of the ends, 

Divide half this area by a third of the length; 
to the quotient add the leſſer — ſubtract the 
ſum from the greater diameter; multiply the re- 
mainder by eight times the central diſtance; to the 
product add the ſum of the ſquare of the ſefſer dia- 
meter, and twice the ſquare of the greater diame- 
ter; multiply the ſum by the given length; the 
proguct mnltiplied by 0,2618 will give the ſolidity 
required. 


— — — 


Or S = D — 5 Se aDD TAN 


E X- 


' 
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EXAMPLE. 
What is the foltdity of 4 fraflum of an eliptica! 
* why e 2s 2h, i re 
ter end; is 24; that ar the leſſer end is 21,6; and 

@ diamiter in the midoay, is 23, 40909 
No 60 and 100 will be found for the conjugate 
and tranſverſe axes of the ellipſe. * 


And (= 18 ij the central diſtance. 
2 2 


Alſo 22,4893 is the area of an elliptical ſeg - 


ment, whoſe height is 1, 2 and baſe 28. 


Its half is 11, 24468. 


11,24468 
14723 


And 24 — 24750957 818 = — 1,37808, 


Then + 21,6 = 24,00957. 


Alſo 2 x Til + Til“ = 1618, 56. 


Then (1618,56 — 1, 37808 x 14 0,2618 =) 
5927, 29515 is the ſolidity required. 


8E C- 
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SECTION II. 
Of parabolzod lines, f 7 iperfici es, and ſolid 1. 


PROPOSITION. XN 


To find the area of a parabola, the 05 
ordinate (or baſe CD), and axis (or h:ight 
AB) being known, Pl. III. Fig. fe. 


Wr © --— 


Multi 11 the baſe by the height; and two third 
of this product will be the area required. 


EXAMPLE. 


Wi 
hat is the area of a parabola, whoſe axis is 12, 
aud the double ordinate is 16? 


Th. (r, =) 128 is the area. 


Mete, Every conical parabola. is + of its circum- 
ſeribing parallelogtam. 


PROPOSITION XVII 


To find the area (A) of a fruſtum ( DHGC) 
of a parobola, whoſe parallel ends [DC , 


GH=b), and their diſtance ( * d) re 
known, Pl. III. Fig. 10. 


O RULE. 


% A T4 1 7 


RULE. 


To the ſquare of the greater end, add the ſquare 
of the leſſer end, and the product of the ends; divide 
| the ſum, by the ſum of the ends ; the quotient mul- 
| tiplied by two thirds of the diſtance of the ends will 
give the area ſought. 

__ BB+b34B, - 
* B+6 Þ+ . 


EXAMPLE 


. Suppoſe the end CD is 24; the end GH i5 20; and 
the diſtance IB, 5+ : Required the area CGHD? 


| * 22 . 
| 2 3m ns 1217, U 
is the area required. 


SG prROPOSITION XVIL 


To find the length (L) of the curve of a p4- 
pabola, whoſe abſciſs (AB=x), and ordinate 
(CB) are amown. Pl. III. Fig. 10, 


RU LE. 


Divide the ſquare of the o:dinate by twice the 
_ abſciſs, the quotient is the half parameter. 
i OTST OBE e | | 


F,1 


- 

* 
= 
— 


TOES — 


* 
— U—— wF———ͤũ«ññ1%, 4 A ——ů — — — 4x -.- Oper ⁊?——¾—⁹ K +» 4 vo 
= 


” 


© pa 


* of ff o a * : | 
| | To 
| 


fl] mg = 


To the 405 of 15 half W add I ſquare 
of the ordinate, the the ſquare root of the tum, call A. 


Or A = V. 
» Multiply A by the ordinate, divide the ſum by 
half the parameter; call the quotient B. 


. 
ug | 
Or B = 22 | 


Add A to the ordinate, divide the ſum by half the 
parameter, ſeek the tabular logarithm to the quoti- 
ent; multiply the logarithm by 2,302585 ; the pro- 
duct multiplied by half the parameter, and B added to 
the product, gives the length of the curve required, 


Or L=B+2,302585 x log. 5 2 


EXAMPLE. 


What i is the length of the curve of a parabola, wh 
als ts 50, one vor 30 ? W * 


, — 2 
Now ( 

mn 
And ( 9 4301 =) 31,321 = A. 
Alſo 22 104,403 = B. 


But 322321332 = 6 8134. 


=) 9 the half parameter. 


9 
Its logarithm = o, 8333639. 


Then (0,8333639X2, 392585 X 9 + 104,403333 
=) 121,67 3352 is the length of the curve required, 


1 9 2 PRO: 
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PROPOSITION XIX. 


To find the ſolidity of a parabolic conoid 
CABD,Aaf); the diameter (BD, or fa, mn) 
of the baſe, and th: height (AC or rs) being 
Aon. Pl. III. Fig. 1 


Ru L E. Multiply the n of the diameter of 
the bale, by the height; then the product multiplied 
by o, 3927 will give the ſolidity. 

Or, multiply the area of the baſe by half the 
height, and the product will be the ſolidity. 

Note, A paraboloid is half of its circumſcribing 
cylinder. 


EXAMPLES. 


I. What is the falidity of a paraboluid, whoſe height 
5s 50; and the diameter of its circular baſe is G 


Then (60, "X50X0,3927=) 70686 is the folidity 
required. 29 


II. In the ſegment of a paraboloid, the greater and 
lefjer diameters of the elliptic baſe are zoo and 60; 
— the height is 10: Required the ſolidity of wow - 


ment ? 


Then ( nnn 10 ) 10686 i the ſoli- 
dity fought, * 


P R O- 
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PROPOSITION XX. 


To find the convex ſuperficies (s) of a para- 
bolic.conoid (ABD); the abſciſs CAC=x) 
and ordinate (BCS DS Y of the generating 
parabola being known Pl. III. Fig. 11- 


RU L.E, 


To four times the ſquare of the abſciſs, add the 
ſquare of the ordinate ;. let the e ſquare root of the 


ſum be called A. OrA = =v/ 4xx+1y * Y. 

To A, add the ordinate; let their ſum be a diviſor 
to the ſquare of the ordinate; to the quotient add 
A; multiply the ſum by the ordinate; the product 


multiplied by 2, 944, will give the convex ſuper- 
icies required. 


Ors = A Sa 2 
+ an XY X . 


EXAMPLE. 


What is the convex ſuperficies of a parabolud, the 
diameter of wheje baſe is 60, and the height 50 Or 
the ordinate 30, and abſciſs 50? 


Now (v/ 4X59X 50+ 30X 30=) 104,403 = A. 
And £25920 =) 6, 69628 is the quotient. 
104, 403 ＋30 
Alſo 6 „ = 111, 09928. 
Then (111,09928X 30X2,0944=) 6980, 5 8996 is 
the convex ſuperſicies required. 


O 3 f PR O- 


M TI 


PROPOSITION XXI. 


To find the ſolidity (S) of a fruſtum (BDab) 
of & paraboloid, centained between two paral el 
planes, each perpendicular to the axe AC); 
the diameters (BD=D, dd) at thoſe ſecti. 
ons, and the diftance (Cc of the ends be- 


ing known | 
ls R UL E. 


To the ſquare of the diameter of the greater end, 
add the ſquare of the diameter of the leſſer end; 
multiply the ſum by the length, or height; and the 
product multiplied by o, 3927 will give the ſolidity. 


OrS=DD+ dd xbx 3p. 


EXAMPLE. 


What is the folidity of a parabolic fruſtum, the 
diameter of the greater end being 60, that of the leſſer 
end 48, and the diſtance of the ends being 18 


Then (50 ＋ 48 X18X0,3927=) 417 330144 
is the ſolidity required. 


PROPOSITION XXIX. 


In 4 paraboloid (ABD) whoſe baſe (BV Da) 
is perpendicular to the axe (AC). Tofind 
, the fol:dity (8) 4 ſegment thereof, (a Dbd) 
cut parallel to the aue; ibe abſciſs (ach) 
the ordinate (dc=cb=y) at the ſection, and 
alſo the height (Dc=x) of the circular ſig- 
ment of its end being Known, Pl. III. Fig. x1. 
Na RULE, 
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RU L E. 


Find the radius (7) of the baſe of the paraboloid ; 
divide the ſquare of this radius by the ſquare of the 
ordinate; multiply the quotient by half the circular 
ſegment, (bDd=2A) at the end of the conoidal 
ſegment ; (found prop. XXII. part 1.) from the 
product ſubtract one third of the ordinate, multi- 
plied by the diſtance thereof from the axe; the re- 
mainder multiplied by the abſciſs, or length of the 
conoidal ſegment, will give the ſolidity required. 


Or $=""% A—yxr—x xt. 
79 3 


EXAMPLE. 


In a ſlice (aDbd) cut from a paraboloid parallel to 
the axe, and en to the baſe thereof; the 
abſeiſs (ac) is 18 ; the ordinate (de gb) is 18; and 
the height (Dc) of the circular ſegment at the mnt is 
6: Required the /olidity of the ſlice, or conoidat ſig- 
ment? 


T 
Now (= 7 =) 30 is s the radius. 


And 24), 35298 is the area of the circular 2 
Da; its half is 1573-07049. 


— — 


Then 1881873 676. 6 x 18=) 


1091,824488 is the ſolidity of the ſegment. 


O4 PR- 
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PRO POSITION XXIII. 


-. To find the ſolidiiy S of a parabolic ſpindle 
(BCD), the axis of rotation CBC=1), and 
the greateſt diameter (AD=D) of. the. /clid 
being known. Pl. III. Fig. 13. 


RULE. 


Multiply the ſquare of the diameter by the length, 
the product multiplied by o, 418879 will give the 
ſolidity. 


Or S=DD x l X tx P. 
EXAMPLE, 
| Suppoſe the length of a parabolic ſpindle be q feet, 


and the greateſt diameter is 3 feet: VR the ſoli- 
dity? 


Then (3X3X9X0,418879=) 33,929 199 is the 
ſolidity required. 


Vote, A parabolic ſpindle is Fs of! its circumſerid- 


ing cylinder, 


PR O- 


PROPOSITION. XXIV.- 


70 find. the, ſolidity (S) f a fruſtum, or 
Zone. AFED) of a parabolic ſpindle, con- 
tained | between two parallel ends (AD, EE) 
the greater whereof AD) paſſes through the 
middle I) of the G indle, perpendicular to the 
axe (BC). "The damteters * AD=D,FE=4) 
of the ends, and their di ſtauce 16 being 


RNOWN, 
RU LE. 


To eight times the ſquare of the greater diameter, 
add thrice the ſquare of the leſſer diameter, and four 
times the product of the two diameters ; multiply 
the ſum by the diſtance of the ends, the product 
multiplied by 0,052 36 will give the ſolidity. 


Or S =8DD Þ 344 K 6 


EXAMPLE. 


dat is the folidity of a fruſtum, or zone of d pa- 
rabolic ſpindle, the diameter of the greater end being 
36 inches, that of the leſjer end 20" inches,” and the 
diſlance of the ends 36 inchesf. | 


Now 36368 = 10368 
And 20 2 = 1200 
Alſo 36 20X4 = 2880 


Their ſum is 14448 5 
Then tate e, 736455 9 is the 4 
City required, —- 


3 O 5 888 
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SECTION: III. 
Of-byperbolic lines, ſuperficies and ſolids, 


Am elliptic and parabolic figures, the lines con- 


tained, or drawn within them, are ſufficient to de- 
termine moſt of the problems that can be propoſed 
concerning their ſuperficies, ſolidities, &c. But ſuch 


things cannot fo conyeniently be done in the hyper- 


bola, without knowing the relation which ſome lines 
within the figure have to others that lie without it, 


and of theſe the moſt uſeful are the * and 


conjugate diameters. In Pl. III. Fig. 
Tbe curves GAH, IBK, are * where 
2 are double ordinates, AF, BL, are abſciſſas; 
LL the. tranſverſe axe, DE its conjugate ; the 
2 drawn t. thro” the center C, are called aſ⸗ 
ond gf 


PROPOSITION XXV. 


To find the tranſverſe aud conjugate axes 
(AB zt, DE=2c) of an byperbola, wheſ: 
abſciſs CAF=x), and ordinate (GF=y), are 
known ; and alſo the length of the abſciſs 


(A=) correſponding to an ordinate' (u) 


equal to half the given one. C £/=1GH), 
FI III. Fig. 14 
eee 


From the ſquare of the greater abſciſs, take 4 
times the ſquare of the leſſer abſciſs; 4. the re- 
mainder by four times the leſſer abſciſs leſſened by 
the greater abſciſs; the quotient will ſhew the length 
of the tranſverſe ſought, 


Md ED. C 
E X- 
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EXAMPLE. 


What is the tranſverſe axe of an hyperbola, whoſe 
abſciſi is 40, ordinate 48 ; and the Kei PR 
ing a on , of 24g is n | 


3 Þ 7 


Then (© ==... * 120 is the tranſyerſe 
4X * II — 40 
axe required 
; RULE M 
Multiply the abſciſs by the ſum of the tranſverſe 


and abſciſs ; let the ſquare root of product be a di- 
viſor to the product of the tranſverſe and ordinate ; 


the quotient will be the conjugate required, 
27 
u 
EXAMPLE: 


Where the tranſverſe is 120, the abſciſs 40, and td 
erdinate 48: What is the conjugate "Os | 


- 
a4 + 8 
- 


Now( / 1204-40 * 40=) 80 is the diviſor. 


Then ( 95. 726 the econjugats . 


0 6 PRO. 
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IEO9OS 1TFON XXVI. 
"To find the tranſoerſe ane C=2t) of an hy- 


perbola, wherein are known, three equidiſtant 
erdinates ; (GF, be=s, g 2 and alſo, 
Their diftance (Fe=ef=d) from each other, 
Plate III. Ts. 14. 


RULE. 


. Let the difference of the ſquares of the mean 
and leſſer ordinates, be called B. 

Or put B = 5s — vv. 

2. And mne difference of the ſquares of the greater 
and leſſer ordinates, * called D. 

Or put D = yy — 

3. From four 2 „ take D, for a dividend ; 
and from D, take twice B for-a diviſor: Let the 
quotient be called "ug D 

— IS | 

Or put A = . 

4 To A, add 1; multiply the ſum by the ſquare 
of 7 leſſer ordinate; divide the product. by B; 


ſubtract the quotient from the ſquare of half A; 


the ſquare root of the remainder multiplied by the 
common diſtance of the ordinates, will give half 
the ene axe. 


r 


1 
ape te. OP. B 


E X- 
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Pw. 


EXAMPLE. 
Let the greater ordinate be 48 ; the leſſer 27 ; ; thi 
mean ordinate 38,2132196; and their common d If | 


tance 12, 5; required the nber, axe of this by: | 
perbola? | 


4s 


Now (38;2132196|—27|'=)731,250152=B. 
And - ff =) 1575 =Dv; © 9 5 


Alſo 4 X 731, 250152 — => Hi 
1575 — 2 X 731,250152 


7398 LI 2 e 
Then 731, 250152 = 12,96, k * - of 


5 2 ö - — 
And 2 T = 12496 X 12,5 =) 693 the hall 
tranſverſe ſought. 


- 
% 
. 
« * . ” 
* "I — — * _— tha. 1 — 
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PROPOSITION, XXVIL, 


In an byp:rbola, whoſe tranſverſe axe (= 
conjugate ax? Sc), and abſciſſa (, being 
Kon 3 to find the area, 


RULE, 


302 A TREA TTS of 
RULE. 


To the tratiſverſe add + of the abſciſs, multiply 
the ſum by the abſciſs, and take 21 times the i 
root of the product; call this A, 


N 3 
Or put A=21v i+4xXx. | 
To A add four times the ſquare root of the product 
of the tranſverſe and abſciſs; call this B. 


Or put B=A+4Vtx. _ 
Divide the conjugate by the tranſverſe ; multiply the 


quotient by *'of the abſciſs; the product multi- 
plied by B gives the area. 


Or area=Z N N B. 
29 


E x. Suppoſe the tranſperſa is 100, tha conjugate 
60, _ the abſcifs 50: Required the area of the hy. 
perbola 


3 


Now (21X * 00e ro c 50 =) 1729, 88445 
2 K. 
Dee e I00X50=) 2012, 72717 


Then (5 . 4X 80 by 
Then _ * X 2012,72717 =) 3220, 


363472 is the area required. 


PROs-« 


MENSURAT ION. qo; 


PROPOSITION XXVII. 


To find the ſolidity (S) of a byperbolic connid, 
the beight, (or length =x) the diameter of the 
baſe (or end =D) and the tranſverſe diameter 
(i) of the generating hyperbola being known, 


RULE, *. 


To thrice the tranſverſe, add twice-the beight.; 
divide the ſum by the fur of the\tranſverſe-and 
height; multiply the quotient by the height; the 
product multiplied by the ſquare of the diameter, 
and by o, 1309, will give the ſolidity. 


Or SSL DD x . 
NN 


3 


I dat is the ſalidity r a ohe height 
length) is 50 ; the diameter of the baſe (or 1 is 
103,923048 and the traufuerſe axe it 100? 


No.(229X3450X8 — 3) 2,8 is the quotient. -. 


o 3 
And (753,92 3048 =) 10799, 99977, or 10800 is 
the ſquare of the diameter. 


Then (2,8 50X10800X0,1309 =) 0400 is the 
ſolidity required, ; 


PRO- 
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PROPOSITION XXIX. 


To Hud it be conuex ſurface 4 of - a 1 
b:loid, the diameetr (D) of whoſe baſe and the 
height ( are known : and alſo, the diſtance 
rum the vertex, where the diameter is N 
to ba 0 that of the. baſe. 


e ek 


1. Find the tranſverſe ( 2t) and conjugate 
(= 2c) axes. 


2. Let the ſquare root, of the ſum of the ſquares, 
of the half tranſverſe and half conjugate be Called A. 


or put ASH. 

3. Multiply the ſquare of the ſum, of We height 
and half tranſverſe, by the ſquare of A; from the 
product take the fourth power of the half tranſverſe ; 
let the ſquare _ of the remainder be 1 B. 


Or put B 7 AAXt+-x* — . 

4. Multiply the ſum of A, and the half conju- 
gate, by the half tranſverſe, for a dividend: Multi- 
ply A by the ſum of the height and half tranſverſe; 
let the product added to B be a diviſor: Multiply 
ha log: of the quotient by 2,302585 ; call the pro- 
du 


Or put C= 2, 302585>0g, Fes >= 8. 

5. Divide the ſquare of the ha tranſyerſe by A, 
multiply the quotient by C; divide the ſum of the 
height and half tranſverſe by the quare of the half 
tranſverſe, ' multiply the quotient by B: From the 
ſum of the two products take the half conjugate; the 
T Þ remainder 


w 
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remainder multiplied by the half conjugate, and the 
product by 351476, will give the convex ſurface re- 
quired. nnen 


— — 
— —_— —ß— — — 


Ors A d ne 


EXAMPLE. 


IV hat is the ſuperficial content of a hyperboloid ; the 
diameter of whoſe baſe is 48 ; the height 40 and the 


diſtance of the vertex, from the place of the diameter 
24; 15 12,111? 


By (pr. 25+) the tranſverſe is 120; and the conjugate 
72. 


Now = 12 902 ee A k 


ET N . 6002 6000 


\ ,48g2064 3 3 


69,97 7 LU 
Allo en 
494+60X69,97142++6000 | 0 


whoſe log, is 1,0894922. 


Then (1,6894922X2, 302585 =) 1,28 50296=C 
= — 0,7 149704, 
6 

dun, 3 

2 
And 75 3 

n 888 X6000 = 166, f. 

Now, 166,6 36,7747 3 36 2993,89 193. 
Then 93, 89 193K 363, 141610618, 95 18 is the 
convex ſurface lought. 


Tie 
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PROPOSITION XXX. 
To find the ſolidity (S) of a fruſtum of a 
Hperbolic conoid ; the diameters of the ends, 


(viz. 2D=greater 2d==lefſerj and their diſtance 
=bþ) being known ; and alſo, a diameter taken 


in the midway between the ends, 


RULE. 


Find the tranſverſe axe (at) and the conjugate 

— 
s Divide the ſquare of the half conjugate by the 
ſquare of the half tranſverſe; multiply the quotient 
by a third of the ſquare of the diſtance of the ends; 
Cabtra®t the product from the ſum of the ſquares of 
the half diameters of the ends; the remainder mul- 
tiplied by the diſtance of the ends, and the product 
by 1,5708, will give the ſolidity of the fruſtum re · 

quired. 


ors= DDA eg 


** 
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EXAMPLE. 


What is the folidity of a fruſtum of a hyperbolic 62 
nad ; whoſe greater 5 is 96; leſſer diame- 
ter 54 ; middle diameter is 76, 4264392; and the 
common diſtance of theſe diameters is 12,5 ? © 


Now 60 is the half tranſverſe, 
And 36 is the half conjugate, 


e 

Then - 2 215. 
796A 

and (80 +77 

of the half ends. 


Then (3033—75X25X1,5708 =) 116160,66 is 
ſolidity fought. * 


SC HO LIUM. 


The ſuperficial contents of ſome of the ſolids in 
the three foregoing ſections are omitted, becauſe 
they did not appear to be reducible to eaſy practical 
rules: Beſide, a multitude of other problems might 
have been added, concerning the ſolids that can be 
produced by the rotation of the conic ſections about 
their axes, abſciſſes, ordinates, tangents, and aſſymp- 
totes: But as ſuch problems (and indeed ſeveral in 
this work) ſeem to be of little more uſe than the ex- 
erciſe of the elements, by which they may become 
puted; thereſore *tis more proper to ſeek for them 
among the treatiſes of exhauſtions, indiviſibles, infi- 
nites, and fluxions; particularly the latter, which is 
- molt in uſe; being far more extenſive than either 
of the former, and belt ſuited to difficult enquiries in 
mathematical ſubjects. | 

S EC- 


) 3033 is the ſum of the ſquares 
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4 E CT ION V. 


Of the ſolidity and ſuperficies of cyliudric 
rings, h 


DEFINITION. 


If a cylinder be circularly. bent, until its ends 
meet, the figure thus formed may be called a & 
lindric "ring. 0 


Or this ſolid may be conceived to be generated 
dy the rotation of a Circle, about a right line, as an 
axe, either touching the circle, or at a given diſtance 
from it. 


A great variety of ſolids may be conceived to 
be thus generated from different planes, ſuch as el- 
lptic,-parabolic, hyperbolic, c.; but in this work, 
no other will be conſidered das that which ariſes 
from a circle. | 


By thickneſs is to be underſtood the diameter of 
you generating circle. | 


The inner — is twice the diſtance of the 
To! from the generating circle, © 
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P RO PO 8,1 T,I,O N XXXL 


To find the ſolidity of a_cylindric ring, whoſe 


thickneſs, and inner diameter, are AR 155 


> _ 


RULE. 


To the thickneſs of the rite add the inner dla- 
meter ; multiply the, ſum by 515 e ſquare of 2 half 
thickneſs; the product multiplied by y 9.8 e 
(Sb) well give hey ot hebe. ture Fly 


a * 
: 


EXAMPLE: 2 


Mat is the folidity if nl archer ring, whoſe in- 
ner diameter 15 8 e and 0 in dual 3 
nchen ?:. W TR 


- . * % : * 9 2 WII 9 : g : 
*. * 1 Soom: * : 54 Wart 


Then — J 3 8696244 = 4885454 
is the ſolidity of that ring. 


When the inner diameter is nothing 3 this rul 
will alſo give the foldity.. | 


4 4 
— 1 14 _ : 


PRO- 


A 
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PROPOSITION XXXI. 


2 find the comvex ſuperficies of a cylindric 
ring, -whoſe thoſe thickneſs and inner diameter are 


RULE. 


2 To the thickneſs of the ring add the inner dia- 
meter; multiply the ſum by the thickneſs; the 


product multiplied by , 8696044, will give the ſo- 

lidity required. * 
EXAMPLE, 

- A jeweller wonld have for bis fign, a cylindric 

ring whoſe outfide diameter ball be 18 inches, and 3 


inches thick : What will the gilding-of #his ring come 
i at a penny an inch? 


| Nom 18 — 3 5c 2 2 12 rr inner diameter, | 


Then (3 + 12 x 3 x 9,8696044 =) 4444132 
is the convex ſurface, 


Therefore the expence will be 1 £, 175. 


PR O- 
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SECTION V. 
Of arched roofs. 


When a building is covered with an arehed 
roof, ſuch roofs are, either, Vaults, Domes, 
Salons, or Groins. | | 


VAI ITS, When the curved ſides of the roof 
ſpring from oppoſite or ſide walls, and meet in a 
right line over the middle of the building. 


Such are the middle Illes of moſt churches. 


Dou, When the ſides of the arched roof 
ſpring from a circular or polygonat baſe, and meet 
aye age a point directly over the centre of 

baſe. Wt 


SALON or SALOON, When a flat roof, ot 
ceiling, is joined to the ſide walls by arcs of ſome 
one curve. | 


GRoIiNs, When a vaulted roof is interſected 
by other vaults. 


. kk. * 


— — —— — — 
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Of vaulted roo fs. 
They are generally of one of theſe three ſorts, 


Circular, | 
F — when the arch is ſome part 


, a Circle, 
Son n 2 an ellipſe. 
3. Gothic, When the arch conſiſts of two circu- 


lar arcs meeting in a point directly oyer the middle 
of the breadth, or ſpan, of the arch. 


— — — 
= 8 = * i 
. - 


"FROPOSITION XXXII. 


To find the ſolid content of circular, ellip- 
Fic, « or — vaulted roofs. 


R UL E. 


| Multi 75 the area of one end by the length, and 
the product will be the ſolid content. . 


24175 ? EXAMPLES. 


I. What is the ſolid content 9 75 a ſemicircular 
wault, whoſe pan is 40 feet, and ength 120 feet? 


40 


Then (31476 K X—| Xx {i X 120 =) 75398, 4 
ſolid feet, is the 8 requited. 


\ . 


II. 


„ „„ „ ©S + 


*>, 
i 


fad 
JV 
al 


- 1 „ 2 2222 


| 


— 


N 
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II. In. an #lliptic_wault whoſe *. 150 ZO Aeet, 
beigbt 12, and length 80 feet: Required the ſolid 
content? 


Then (40 X 12 X 0,7854 X 80 =) 3159.35 
ſolid feet is the content ſought. 


III. What is the folid content of a gothic vault, 
whoſe pan is 48 feet, the chord of its arch, 48 feet, 
the diſtance of the arch from the middle of the chord 
is 18 feet, and the wages of the vault is 18 feet? 


Now 12727874 is the area of the two * 
egments, (ſee p. 163.) 


And a _a = 41,57 is the height of 
the arch. | 


—— 


——_—— 


1 Then (127247874 + 41,57 X x 60 =) 
136228, o44 is the ſolidity required. 


I' the ſolidity of the materials in either of 
| bel e arches was required 9 


RULE. 


From the ſolid content including the arch, take 
the ſolid content of the void, and the remainder 
Fill be the ſolidity of the arch, 


P PR O- 
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RO POSLITION XXXIV. 


To find the concave, or convex ſurface of cir- 
qular, clliptic, ar gothic vaulted roofs. 


2 R UL. E. 


Multiply the length of the arch by the length of 
the vault, and the product will be the ſuperficies 


required. 2 

| NOTTS. 
If the convex ſurface of the vault is required ; it 
will be moſt ready and accurate, to ſtretch a ſtring 
over the convexity. of the vault, and this ſtring 


meaſured gives the length of the curve. 


But for the concave ſurſace, this method is not 
ſo applicable, and the length of the arch mull 
be found, from proper dimenſions, as ſhewu in 
Prop. XX. p. 158. or in Prop. II, p. 258, 


23 | PRO. 
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There may be a great variety of domes, ariſing 
from the figure of thei baſe, their height, and the 
nature of their curved ſides: But as the moſt com- 
mon in uſe, are ſuch whoſe baſe is either a circle 
or a regular polygon, and whoſe curved ſides are 
circular, or elliptic quadrantal arcs, therefore theſe 
only, will here be treated of. f 


PROPOSITION XXXV. 
To find the ſolid content of a dome, whoſe 


„ 


beight and the dmenſſons of its baſe are known, 
RULE. 1 


Multiply the area of the baſe by two thirds of 
of the height, and the product will be the ſolid 
content. | | 9 


Ex. IL. What is the folid content of a ſpherical 
Lene, the diameter of whoſe circular baſe is 60 fert ? 


* . * 


Now bo'x 0,7854 = 2767,44 is the area of 
che baſe. gp. £739 ITS | 
BY And 30 6s the height 


2 X 30 


Then (2567,44 X 
feet is the ſolid content. 


8 P a 


98 * 0 3%. 
=) 55348,8 cubic 


E. 
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E x. II. In a hexagonal ſpherical dome, one fide 
of the baſe is 20 feet: Required the ſolid content? 


Now (by tab. I. p. 144. o, 8660254 * 20 =) 
17, 320508 is the radius of the inſcribed circle, or 
height of the dome. 


Alſo (by tab. I. p. 144. 2,5980762 x 20 =) 
1039, 23048 is the area ofthe baſe. 


Then (1039,23048 X 17, 320508 x } =) 12000 


ſolid ſeet is the content. 


E x. III. A maſon bas built an oftagonal ellipti. 
dome, whoſe mfide height if 60 feet ; the diamaer i 
its greateſt inſcrib*d circle is 40 feet; the thickneſs of 
the flone work at the bottom is & feet, and at the 1 
is 4 fret : IM bat will be the expence of this dome at 12. 


4 fort fold? oo 


2 
Naw (by tab. III. p. 145. 353137084 * 5 =) 
1325,48 336 is the area of the inner baſe. 


And (1325, 48336 X 60 x 4 =) 53019, 3344 i 
the ſolid content-of the void. - © 


Alſo (by tab. III. p. 145. 3,31 37084 x 28 =) 
2597, 947385 is the area of the outward polygon, 


And (2597,9473856 X 64 Xx + =) 110847, 
08845 is the ſolid content of the, dome. 


Then (11084, 8845 — 53019,3344 =) 57827 
75405 is the cubic feet of ſtone work, which wil 
amount to 34696 /. 135. 0; 4 


PRO: 


6; 
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MENSURATION. 4t+ 
PROPOSITION XXXVI 


To find the ſuperficial contents of a ſpheri-. 
cal dome. 


RULE. 


Twice the area of the baſe is the ſuperficial con- 
tedts required. | 


EXAMPLE, 


What toi 1 the painting of a 8 Pherical 
ume come to dt 1. a yard ; each fide 4 the baſe being 
20 feet? 


Now (by tab. I. p. 144. 2,5980762 X 20 = 
1039,23048 is the area of the baſe. 


Then 2078,46096 is the ſuperficial content. 
2 the-expence will de about 103 C. 18. 64 


Þ iptic domes, it will be ne ar enough for 
| practice, to work oy the following, . 


mine 


To half as diameter at the baſe add hh leid 
Wie ſum multiplied by 1, 5708 will give the A 
Neal! content nearly. L 


Examples to this, are cafily ſupplied, i a 
. | Pq Of 


; ae nene 
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Ans Of Salons. . e 
1er UN "© {EY * n a oe 

This fort of roofing or ceiling is generally n{ed 
to cover ſuch buildings or rooms, whoſe plan, is ei- 
ther rectangular, circular, or a regular polygon: 
And the curved parts are circular or elliptic qua- 
drantal arcs: Alſo, the ſides of the flat part of the 
celing, are each alike equidiſtant from the walls of 
the room. In what follows, by flat ceiling, aunder- 
"Rand the middle or flat part of the Salon. 


* 
IT 


0 


PROPOSGITIN XXXVI. - 
7 find the ſolid content of a Salon, the fer: 
. and fides of the flat ceiling; the fades ef the © 
room, the height. of the. arch, and its prejectia YN + 
from the wall being reſpettively known. _ 


| U E * ＋ 1 
5 LE. 
nan! 7 8 FA. rer 


Multiply the height of the arch, its projection, N 
one fourth of the perimeter of the ceiling, and 
51416 continually ; call the product A. 


„P ee g e os. i like fide 
From | 3 For the room, take a} Gamer. 
of the ceiling; the ſquare of the remainder multi- 
plied by the proper factor; (page 144. 143.) ibe | 
product multiplied. by two thirds of the. height of 
. dhe arch, call B._ tate? . 
Mültiply the area of the flat ceiling by hg f 
of the arch, the product added to the ſum of A 
and B, will give the ſolid content required. 


oath $1.5 F x, 


7 - 


- —— 
4 
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Ex. I. What is the ſolid content of à Salon with 
8 circular quadrantal arch of 2 feet radius, ſpring- 


ing over 4 recta ugular room' of 20 feet long end 16 
feet wide- 


Here the Ut part of the ceiling is 16 by 12 feet 
Then E ag 


4 
175,9296 = K. 
And {20— RT x t, ooo 2 * 3 2 21% 
= a; 
© Therefore 16 X 12 X 2 + 175,9296 + 21,7 
= 581,2629 ſolid ſeet, is the content ſought, 


72 x. II. 4 circular building of 40. feet diameter, 
4 25 feet Pieh to the ceiling, ij covered with à Sa- 


lon whoſe circular arch i: 'S feed radius. Required" the 
capacity 25 ons ruom in cubic feet? 


Now (40 — 5 * 4 =) Tis the diameter of 
the ceiling. 


And (30 & 3, 1416 =) Wat is the n 
rence thereof. 


Then(s x5 X „ ee X 35406 =) 1350, 


wy" fp 
$5948 = A. 
And: 30 X 9.7854. X''5 X } =).261 8 


EA 
Alſd (30 5 Torte 3934, for the cylindtic 
part of the Salon. 


i Hence the ſolid. of the Salon = 5646, 6506 


1299 (40 X , 854 X 20 =) 251328 is ide 
ſolidity of the cylindric part of the rom. 


Then 3077, 45948 is the ſolid content of that 
BOOM, 
| A P 4 Ex. 


— 
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E x. III. A gentleman who has in his garden « 
hexagonal fummer*<houſe each fide within being 7 feet, 
and the walls 18 inches thick; orders à maſon to co- 
wer this with a pyramidal Kon- roof, whoſe ſides fball 
ri b luchet within the outſide of the walls, and its 
height be equal to the radius of the tircle inſerid in 
the pyramids baſe; alſo the inſide to be wrought in 
an elliptic — fitted to the pan of the room, the 
height of the arch to of 2 feet, and its projettien' 3 
feet > But infiead of the flat part of the tailing; be 
will have a fpherical hexagonal dome to fpring from 
the upper extremities of the other "arch : What Wi!! 
this roof come to, at 125. @ foat fohd © . = 


Now (7 x 0,8660254 =) 6,062 1798 is the ra- 
dius of the circle infcrid'd in the room. (ad . | 
p. 144. * 


Then 7, 0621778 i is the height of the pyramid ; 
and alſo, is the radius of the cle inſerid d in 
in dale... ei | fr 


Hen. (Tooumms x*3.464100 6x 6a . 178 =) 
406,710411 is the ſolidity of the pyramid. 
Tab. III p. 145.) 


Again (6, 62 1779 — 3 4,0621778 is the 
radius of a circle inſerib'd in the Hat ceiling of the. 
ſalon. 


Then (3, 627778 x l 1547005 =) 35 358981 
is the ſide of that ceiling. 


(Tab. III. p. 145.) 


N 


= 


MENSURATION. 3421 
2328 © 6 2X 6 


Fy * 1446 = =) 


And (2 X 3 N 
99975964 = = A. 


"Alſo 5 "x *2,5980762x2X3=) 
41569224 = — B. N 
(Tab. I. p. 144.) 


Now (3,0621 778 3,464 10 16) 32, 482647 1 
is the area of the flat part of the ceiling. 


( Tab. III. 145.) 


Then (32, 4826471 X 2 ＋ ATB) 206, 
5098144 1s the ſolid content of the ſalon. | 


But 3,0621778, the radius of the ceiling, is al- 
fo the height of the dome. 


And (32,4826471 X 3,0621778 x 2 2. =): 66, 
3117605 1s the ſolid content of the dome. 


' Therefore 272,821 575 is the ſolid centent of the 
excavation-or hollow of the roof. 


And 133,888836 is the ſolidity of the ſtone 
work. 


Hence the expence will be 80 L. 65. 86. 


7 5 PRO- 


£3 4 


4422 4 Nr AT er 


PROPOSITION XXVI, 
To find the ſuperficial content of a ſalon; the 
Nure and fides of nde flat ceiling, ibe fides of 
be room, tee beight of the arch and ius \projes- 
"tion fromthe wall being an known. 

RUL E. 


bo , Find the. area of the flat bn of the 'eeiling; 


wry F ind the convex * of a cylinder or cy - 
Undteid, whoſe length is equal to one fourth of the 
perimeter of the ceiling, and its diameters equal 
w twice the height and twice the projection of 
tie ** N i 


3d, [Find the aperficial content of a dome ©: 
1 foure of the arch, and whoſe baſe is either a 
kquare,. or a figure fimilar to that of the ceiling; 
the fide being equa! to the difference of a fide of the 
room an a ſide of. the ceiling 


The ſum of theſe three c Will give the ſu · 
eil content ſought. 


| reftangular 1 
Note, In a { circular 5 room, the bale 
| regul. polygonal 
ſquare 
of the dome will be a 4 circle 
14 8 - > like polygon. 


Examples to this prop. are eaſily ſupplied. 


Of 


EN SU RA N. 


222. / Groins, 


Tbeſe arches or roofs may be conſidered, as ari- 
fing from the interſections gf ſegments of circular 
cylinders, or elliptical cylindroids, cut of by planes 
parallel to their axes. 


There may be a great variety of Groigs produ- 
ced, but in this place, no other will be conſidered, 
but thoſe whoſe interſections are at right angles; 
and of theſe, only ſuch as moſt commonly 8 
and are formed. 

I. By two circular equal ſemicylinders; and call- 
ed circular groins, ; 
- 1 * | 

U. By two elliptical equa! ſemicylindroids z ei- 
ther on the tranſFMrſe or conjugate axes; and call- 
ed clliptical groins. 


FE 


In eicher caſe, the groin arches fin over 2 
_ ſquare baſe. 
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PROPOSITION XXXIX. 


To find the ſolid content of the tyacuity form'd 
by a groin arch; either circular or elliptical ; 


the fide of the ſquare. Lehe. a . ihe ide 1 the ' 
grotn being known: 
: RULE 


Multiply the area of the baſe by the height, the 
2 en by 0,9041295 will give the ſo- 
content required 


Ex. What is the ſolid content of the 33 * 


by a circular grein, one ſide of its /quare baje being 
12 feet? 


Now (12 & 12 =) 144 b the are of the baſe. 


And (144 K =) 864 is the produtt of the 
area of the bale by tne heigt. 


Then (864 x 0,9041295 =) 751, 16/388 is 
the ſolid content required. E, 


E x. II. Phat is the falid content of the vacuity 
form'd ly an elliptical groin ; one fide of its ſquare 
baje being 20 Jon, and the beight 6 feet? 


Then (20 X 20 X 6 X o, 9041295 =) 2169, 
9108 is the {old content required, 


7 


PR O- 


MENSURATION. was 


To 0 the concave 3 — * a circular 
groin N the du of ihe fone * being 
cuotun. 


— e 
1,1415923, and the product will -4 the _ 
ficies 

This rule may be uſed for elliptical groins, the 
‚‚ů unn in practice. 


E x. I hat is the curve ſuperficits. . 
oy. arch; voy Jos of its r rig WE) 12 
cer ? 

Then (12 X 12 X 1, 1415923 — 16: Jus 


is the ſuperficies required. 


Either of theſe rules, may be applied, in practioe 
to groins contain'd under Circular or eliptical ſeg- 


ments, or on any. rectangular baſe ; the error, in 
ſome caſes, being leſs than thoſe, which. frequent- 
ly arife in taking the dimemſions of the lame work 
by different perſons. 

In meaſuring of work where there ate many, 
* in à range, as a colonade, Cloyſter, piazza, 

the cylindrical, pieces between, the groins, and 

org fides muſt be computed ſeparately: And to 

nd the ſolidity of the brick or ſtone work which 
form the groin arches obſerve the following, 

Ru LB. Multiply the area of the baſe, by the 
height, including the thickneſs of the work over, 
the top of the groin, this product Teflened by the 
ſolid content, found by the former rule, will leave 


the a: of the work. 


— x. 
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Ex. | Let the * abs repreſont fare . a 
rain piazze, joining to the wall BC of a baue 
where the piers A next the fireat,' are each 3 fees 
bread, 2 feet thick, and 7 feet high; the ſpon of the 
intermediate arches, are 12 feet each; kreaath 
of the piazza 15 feet in ibe clear; the height. of tha 
groins, above the piers, 6 feet: Now fappeſs the 
crows of the arch 1s 2 feet thick, and the upper. ſur- 
face made level, by working the Jpandrils. up /olid ; 
what will the bill come to, at 15. 4 fort ſalid for the 
brick-work, and 15. 4 eas Juper ficres for tht _ 


Blaiflering 
Now (12 X 4 TSX 2 5) 63 feer i is the eng of 


(1542=)1 is the breadth 
* (6-+2 =) is the height of the groin- work, 
including the thickneſs thereof over the crown.” - - 
And (63% 175 & 8 =) 8568 is the ſolidity of 
the roof, including the ſolid content of all the 
vaults. 
Alſo (3 2X 2X7 2852 =)2roisthe foljdity of the piers. 
Then (8568 * 210 =) 8778 is the ſolidity ot 
the work, including the deductions. 
Again ( LSXI2X©x0,904 1295X4=) 3905-83944 
is the ſolid: content of the vacuities form'd by the 


rains. 
48 Aud 


E 
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1827884 


And (x 4.=) 452,3904.is the... 


fol id content of the curved vacuities between the 
piers in the front of the piazza. 

Alſo (I S, SSA 3X5=)1060,29 is the ſo- 
tid content of the curved vacuities between te 
piers and the houſe. . 

Then ( 90583944 + 452,3904 + 1060,29 L) 
5418,51984 is the ſolid content of all the deduQions 

Therefore (8778 — 5418,51984 =) 3359, 4806 
is the ſolid feet in = the work; Ince amounts to- 
167,974 

Again (38 e 55 3 50 is the ee 
of che 5 piers... 


And (bzx 8 —0,78 54X rxXOx4=)277,8048- is 
the ſurface the front, above the piers. 


Alto (T5X 12 Tue 82 19464565 
the concave ſurface of the 4 groins' | 


And (3,1416x6x2x4=)150,7968' is the de 
ſurface of the 4 arches between ihe Piers. 


— 3". 4 


Alſo — 2 5 * 31416 X 3 x 5.=) 3x8,087 
is the curve farface of the 5 arches between the pi 


ers and the houſe. 


The ſum of all tbeſe ſuperßcles is 1078, 6355 
Sc. feet. 


Or 213,181 yards, amounting to 10,659 £. 


Therefore the whole expence will de 178 
124. 84. 
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SECTION vu. 
"Of regular ſolids. 


- 
— 7 [ 


” Sphere is faid to circumſcribe a ſolid, when 
the angular points touch the concave furface 


at ſphere, 


A Sphere is faid to be inſeftb d in a lid, when 


the plane hides wurd the convex ſurface of that 
ſphere. 


A folid, is a 75 contain'd under equal, 
regular and like planes; alike poſited, and equally 
diſtant from the centre. 3 


There are only 2 ee folids, 


1. The TzTRAEDON, contain'd under four e- 
and equilateral plane triangles ; forming four 
olid angles, each of three triangles; and having 


fix linear edges, and twelve plane angles. 


IT. The: HExAEDRON, contain'd under fix e- 
qual ſquares; forming eight ſolid angles, each of 
three ſquares; and having twelve linear edges, and 


twenty four plane angles. 


III. 
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III. The OcTAEDRON, contain'd under eight 
equal and equilateral plane triangles; forming ſix 
ſolid angles, each of four triangles; having twelve 
linear edges, and twenty- four plane angles. 


aan. | 


IV. The DoDRacArtBRon, nin d under 
twelve equal, equilateral, and equiangular penta- 
gons; forming twenty -ſolid-angles; each of th 
pentagons, and CIS GAGA pact and fi 
plane 


— — 


v. The IcosAEDRON, cont ind under twenty 
equal and equilateral- triangles; forming twelve 
li angles, each of bye: triangles; and having thg- 


ly linear edges, and fixty plane angles. 


By the following table, the ſuperficies, ſoliditics, 
radii of the circumſcribed and inſcrib'd ſpheres, add 
the lineat ſides or edges, of any of the Hi ſo- 
lids, | [BF be en 3 BY RISE 

|: | 


-———— - — — 


. 
1 
. 


339 


0 


Clinear fi fide 
n che G ſuperficies 
1 ſolidity 


aA TREAT S EH 


of a 
regular 
2 


— — — — — — 


8 


| 06123724 


0,2041247 


Jexaedron. | 
0,8660254 
0,5000000 | 


, 


| _1,7320508 


6,0000000 


0,1178871 


_ 1,0000000 


5 * =} 10329932 


OF + — +> 


115470 


55 


| 055773503 ; 


40188023 3 


8, 


. 


— —. | 


22222222 


7 


— 


1,7 32050B , 


* 


12,8 504004 


24, »+ 5 » »» + 
— im <2 


r 0 


2228352 


2, 465 3023 


0,4082483 
-0,3535534 | 


=} &,15 53008, 


| 0,204 1241 


ha a 4 4 
* 


881 


0306804173 


| 


— 


— — 
is 1, 1547006 


22 =; / 7,2050240 


2,0395489 


I 22 


0,8660254 


| 0,410 3417 


05 . » 


6 


6, 9 * * A © 


—_— 


And hs the adus of the | 


m_ 
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circumſc. 
1n{crib'd, 


here. 


* 


[OE 


6.707105 


Doderaedren 


— 


ö 


WH 


4012585 


"6,95 10565 |. | 


0, 4082483 


— 


1,1135164 


0,7557013 


3404101 6 


20, 6457288 


556602870 


„4714045 


755637188 


2,1816951 


1,4142136 


057136444 17057 


1,05 140 


0,3773503 


— 9282032 


57945 45 


57946845 


DD, 


- 9,57454T3] 


I'F. ** „ +4 5 


_2,7851639 


_2,5301507 


2,4494897 58080850 


13231691 


| 1,7 320508 


1,2584088 


12584086 


: 


20,7846096 


19.558873 


1821621584 


6,9282032 


5555029 10 


0,537 28 50 


3799178 


＋ 8 


| ©0,2200822 


0,308 3920 | 


0,2450051 


043231774 


0,2568144 | 


0,0731152 5588188837 


0,08560479 


_1,2848990 


0,5072221| 


0577 10254 


| 0,9080004 


0,7107492 


| 0,7. 332887 


©,5245576 


0,56048000 


0,5827111 


OO — — um ͤ Q WY , 2 a caycw ao 


229192 


$331 16140 


$21493450 [ 


— — 


The uſe of the foregoing table will be ſuffici- 
ently illuſtrated by the ſolution of the following 
Caſes; wherein, to avoid repetitions: By a ſolidity, 
a ſuperbeies, or a fide, is meant the ſolidity, the ſuper. 
ficies, or, the linear ſide or edge of a regular ſolid : 

And, b. a radius; is meant, the radius of the ſphere 
that can either eircumſeribe, or be juſt contain'd 
in, that regular ſolid. 


Let N repreſent the tabular number; correſpond- 
ing to either ſolid, and, its ſide; its radius; its ſu- 
perſicies; its ſolidity 3 where 8, R. r, 2 or K, 
== I, i=. | 


: 
4 | * 
o 


CASE I. 


adi 
ehen, given; » this { red 


RULE. 
Multiply the given J 5 j by. N 


radius, where 8 = 1; 
ide, where R, or, r=1 7 and the product 


will be the 111 required. 
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EXAMPLE . 


Is the fide of a dodecaedron is 2 e the ra- 
aii of the circumſcribd and inſribd ſpheres? © 


Under the name dodecaedron, and agalnſt R and 
r, where 8S Iz; are ite F 1,4012585 and 
1, 11351064. 


(„rz eee 
The en 1, 1135 1644 22 J2,2270328 — Joins 


EXAM p L E II. 
If the ribs of a here, tircumſeribing a * 


caedron, be 2, 802517 required the fide of that do- 
decaedron ; and the radius of its inſcrib*d Ne ?. 


derne 11 5 {where R=2 ; and under en 


„% 136442 "or 
Is 1 | which multip ied by 2Boagh7 


---- =$ 


gives? 25 2,2270326S7 gr 3 


EX. 


334 (TREAT 15/2061 
EX AML E In. 


I the radius of a ſphere, inſerit'd in 4 dadecae- 
dren, is 2,2270328: Required the ſide 0 . that dode- 
ccedron, and the radius of. the circumſcrib d ſphere ? 
Ce 


Againſt 15 Foherar=1; and under Sodecadron 
is 3 0.89805 oo Fwhich multiplied by 2,2270328 ; 


,258408 
. 75 ED ed | 
ves 2,8025171=R required. 
FORE I. 


m E. 1 . 
A 17 a * given; to find a bunten 


| ROLE. | 
fide 
' Muldply the dat of che given . f 
where g. 2. 
by mee | where R, or, 1. Ad the 
product will give the ſuperficies required, _ 
EXAMPLE L 


* What ic the fuperficies of @ dadecaedron whoſe 
fide is 27 


1 Then (20,6457288x2] S) 82,5829156 = Z te- 
ved. 
EX - 


MENSURATION. 45k 


EXAMPLE-H. 
I dat is the ſuperficies of a dadecaedron 0b. 
a ſphere whoſe radius is 2, 8025 17 . 


Then (10,51 46223, 8025 17] = = )82,58291 I 159 
= £ required. 


_— m. 


I hat is the ſuperſici ies of 4 dadec aedron, circum- 
feribing a ſphere, whoſe ? adius is 2, 2270328? 


Then 16,65087 31 724703280 282, 5829156 


= Z required. rpc 
- | 2. F being given; to find 4 fd 
| MULLET: 
Multiply the cube of the eiten d de e} 1 N 


where S 21 
ſolidity ot. R, on, r =1 g and the product 


will give the ſolidity required. 


E X AMB LE I A N 


IWhat is the ſalidity of a dadecaedron whoſe fas 
is 22 


- = 


Then (7,6631 188 ca. ) 61,3049504 = X re- uy 
quired, : | | 0 i 
EXAMPLE Il. - if * 

dat is the ſelidity of a dodecaedron ru 44 5 
ſphere whoſe radius is 2, 80257? 


Then (2,7851639X2,802 280257 ir 61,3049499= 
X required, 1 
Xs 


* a & «+ 


326 4 Txrarisr of 

\ EXAMPLE: I. 
M bat is the folidity of a dodecatdron, cirtumſcrib- 
ing 4 ſpbere wheſe radius is 2, 22570328 5 


* hen (5, Sog 72270280 1, 3049509 


= X required. 
11: CASE IV, 
4 Zee being ven; "to we @ | A. 
£2 RULE. Not 


Multiply the ſquare root of the given. ſuperßcies 


by Ny —4 5 where'Z =; ana be product vil 


be dhe 4 Froquired, , 4 


XAML. E. 
If the fuperficies of a dodecgedron is 82, 8629 1523 
required 8, R, r? 
I. (0,2200822Xv/ Ng "A s. 
II. (0,3085920Xv/ 825829 15222, 8025 166=R 
III. (0, 245065 1K 82, 58291522, 227024 t. 


* # 1 by 
% » d 


CASE V. 
Bites being of fide 
* A fot G being given; ta find a g radius. 
RULE. 


M Multiply the cube root of the given ſolidity, 
by we NA , f where X= 1; and the product 


radius 
-will be the — required. 
22 ä E 4 


ME NSU RAT TON. 335 
EXAMPLE. 


If the folidity of a dodetaedron is 61,3049504.; re- 
quired 8, R, ? 


J. (0,507 axe l., — 
II. (0,7 107492XV/ 61,3049504= 2, 8025 168 


III. (0,5648000xv 61,3049504=)2,2270323= re 
CAS E VI. 
A ſaperficies being given ; to _ a ſolidity. 
NUL 


Multiply the given ſuperbicies by its ſquare root ; 
the product multiplied by the N ſolidity, where 
Z=1, will give the ſolidity required. 
EXAMPLE. 
Il dat is the foldity of a 3 whoſe ſuper- 
ficies is 82, 5829152 


Now v/ 82,5829152=9,0875142. 
And 82, 582915 29, o875 1422750, 4734144. 
Then 750,47 341440, o8 168837 21, 3049499 


"I" CASE VII. 
A ſolidity being £1007 3 ; 7 find a ſuperfictes, 
U 


Divide the given ſolidity by its cube root ; the 
quotient multiplied by N ſuperficies, where Xr, 
will give the ſuperficies required. 

EXAMPLE. 

dat is the ſuperficies of a dodecaedron whoſe ſolidity 

10 01,3049504 ? | 


Now v/ 61,3949594=3:943046. 


61,3049504 
1 589% 555476122. 


_Then 15,5476122X5,3116140=) $2,5829146 


Q 
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py 


N 
d 0 


In five ſach figures as theſe, made of paſt-board, 
or any other pliable ſubſtance; if the lines be cut 
half through, and the parts turned up and glued 
together. che figures will repreſent the five regular | 
ſolids; vi. A, the hcxa&edron ; B, the tretraë- 
dran; C, the octatdron; D, the dodecaëdron; 
and E, the Icoſaëdton. 

7 SE C- 
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s E C T ION vi. 


Of ſpecific pravity, 


HE ſpecific gravity of a body, is the relation 

that the weight of a magnitude of that kind 
of body, has to the weight of an equal magnitude 
of another kind of body. 


In this compariſon of the weights of bodies, it 
is convenient to conſider one body as the ſtandard 
or unit, to which the others are to be compared; 
And as rain water is nearly alike in all places ; 
therefore, this ſeems to be the moſt convenient for 
a ſtandard. 


It has been found by repeated experiments, that 
a cubic foot of rain water, weigh'd 62: pounds 


averdupoiſe; conſequently ( = 22) 0,03616898 15 
is the weight of one cubic inch of rain water. 


The knowledge of the ſpecific gravities of bo- 
dies, is of great uſe in computing the weights of 
ſuch bodies as ate too heavy or too unweildy to have 
Their weight diſcove: by other means. 


Q 2 4 
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ATREATISE of\. 
A TABLE fhewing the ſpecific gravity, to 


And the weight of a cubic inch of each, 


—_— 


Theefore, the 15 ayerd, : 1b troy : 


© F 


Bodies. Sp-gravity.| Wr. W averd. 
Fine gold - -= [ 19,640 0,7 103587 
:ng. gold coin - | 19,520 0,7060185 
oaſt gold - - - - | 18,888 | 0,6828703 
uickfilver - - 13,762 0,497 6574 
ea 11,313 0, 409 1696 
ine fiver- - - 11,091 0,40TTgoT + 
ng. ſilver coin - | 10,629 o, 3844400 
Caſt filver - - - - | 10,528 | 0,3807870 
Copper - -- 8,769 0,3171658 
Caſt braſs - - - - } 8,104 0,2929832 - 
tee! 7,850 | 0,2839265 | 
Bar iron 7704 ], 2808159 
lock tin -] 7,238 0, 261790 | 
Caſt iron - - = - | 7,135 | 0,2580047 
Loadfſtone - - - -- | 5,106 | 0,1846588 | 
{Blue Thte - - -- | 3,500 | 0,1264914 © } 
Vein'd marble- 2,702 0,0977286 | 
Common glaſs — 2, 600 0,0940393 
Flintſtone -' - ] 2,582 0,0933883 
Portlandſtone 2,570 0,0092954 
Freeſtone « - = - 2,352 0,091578 
Brick - = = - - - 2,000 0,0723379 | 
2 : c — —-- 1,032 0,0662606 


Note, 7000 grains make 1 Ib averdupoiſe. 


And 5760 grains make 1 fh; troy. 


raiu- 


700: 576. 


” 


MENSURATTION. 


rain-water ; of metals and other bodies: 
in parts of a pound averdupoiſe, 


548 


Note, = = 1,215278 nearly. 


/ 


Q 3 


| Bodies. Sp. gravity. | Wt. 15 averd. 
Brimſtone 2,800 0,065 1042 
Clay == - == = 1712 0,0619213 
Lignum Vite - 1,327 0,0479862 
[Coal 1,25 5 0,045 3921 
Pitch 2 1,150 | 50415943 
Mahogany wood 12,063 o, 384475 
Dry box wood } 1,030 0,0372530 
Milñlk --- 9 N. c | 
Sea water - "Þ 658" i} 950372530 
ain water 1, ooo o, 361690 
Bees wax » - 6,995 o, 0359881 
ry oak -= - 0,975 | 0,0330946 
Move oi [0,913 o, 330222 
Beech =] 0,554 0,0308883 
— _ Wo. 0,800 | 0,0289352 
Dry wainſcot - - | 0,747 | 0,0270182 
Dry yellow fir - | - 0,657 o, 237630 
JCeda = = - - ©,013 Jo, 022715 
Dry white deal - | 0,569 f o, o 205801 
Cor 0,240 O, 0186805 
\ir Lee | 0,00004.34 
6 
Conſequently 16 averd. mult. by = gives 1b troy. 
And Ib troy multi, by 5 gives 16 averd. 
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CASE I. The linear dimen fans, or Wok off 
4 auch being given; to find its weight. 


Rv Le. Multiply the cubic inches contain'd in 
that body, by the tabular weight correſponding to 
the name of the ſame kind; and the product will 
give the weight in pounds averdupoiſe. 


Ex. I. bat is the weight of a piece 4 2, of 
 & retiongular firm, whoſe length is 5 inches ; ; 
breath 18, and depth 12 inches? 


Now (56 x 18 X 12.25) — inches is the 
ſolidity. 


Then (12096 X o, o330946 =) t 
|S i s the weight required, | 


E x. II. WWhat is the weight of an iron bot, of 
7 ile diameter. 


Now GP X 0,5206 =) 179,5948 inches i is the 
folidity. hh 


Then (179,5948 x o, 2580645 =) 46,34706b 
is the weight required. 


MENSURATION. 343 


Ex. III. bat it the weight of an iron bomb- 


ſhell, of 3 inches thick ; the greateſt diameter _— 
16 inches 


Now (16 — 3X2 =) 10 is the lab the 
concavity. 


And (16|' x 0,5236 = 2144,6656. 

Alſo (30) eit 

10 (2144,6656 — 523,6 =) 1621 ,0656. is, 
the ſolidity of the ſhell. 


Therefore (1621, 0656 * © 52580647 =) 418, 
3398 1b is the weight required. 


Ex. IV. Reguired the weight of one of the port= 
land key/tones, to the middle arch of W eſtminſter- 
bridge: The diameter ef the arth being 76 feet; ils 
height of the keyſtone 5 feet; the chord of its gr eal- 


eſt breadth, to the es 4 the arch, 3. feet 4 iucbes 3 
and its depth, in the arch, 4 fert? 


Now (56 ＋ 5: 3,3: 76:) 3.125972 is the 
chord of he leaſt breadth of the keyſtone. 

Here the chords and their arcs may be ſuppoſed 
equal ; the een in the greateſt arc, not being 


more than about : 


.— part of an inch. 


Now (3,127572X 4+ 33 X 4X? * =) Gt, 
60905 feet is the ſolidity of the keyſtone. 


Then (64,60905 x 1728X00,0929543=) 10377» 
83062 ib. 


Or 4 tons, 12 hund. 2 quart. 17,83 W is the 
weight required, 


Q 4 CASE 
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CASE II. The weight of à body being given; 
zo find the falidity. 


RU LE. Divide the given weight, in pounds 
averdupoiſe, by the tabular weight, correſponding 
to the name of the ſame kind; and the quotient 
will be the ſolidity in cubic inches. 


Ex. I. JPhat will a block of » marble, weighing 
8 tons, 14 C. wt. come to, at 65, a foat-foltd. 


- 


Now 8 t. 14 c. = 19488 is, 


_ cubic feet. 


And (115, 4 X 0,34. =) 34 L. 125. 5d. is the coſt, 


E x. IL. I dat is the diameter of an iron fort, 
weighing 42 pounds averd | 


| 8 f 
Now (=: ve =) 162,7499 are - the cubic 


inches. 


n{/11627499=) 6 ; | 
| Then A* 88 } 047743 is the diameter 
required, | 2 

Flow 
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How many inches, will a cubic foot of dry eim, 
fink in common water ? 


ANSWER, Tt will fink, until a bulk of Walther 
equal to the part immerſed, be _—_ in whos to 
that of all the elm. 


Now (1728 & 0,0289352=) <del I6 is 
the weight of a foot of elm; and alſo, the weight 
of the water diſplaced. 

q / $0,0000256 

An \ 0,036169 

ches immerſed. 


Then (== 9,6 inches, is the depth to 


which a cubic foot of elm will fink in common 
water, 


Hero much weight is juſt neceſſary. to nw a 
cubic foot of yellow firr in ſea water ? 


ANS WER. So much weight, as is equal to. 
the difference between the weights of a cubic foot 
of ſea water, and that of firr, 


Now (0,037253 * 1728=) 64,37 3184 I& is the 
weight of a cubic foot of ſex water. 

And (0,023763 X 1728=) 41,062464 Ib is the 
weight of a cubic foot of dry firr. 

Then (64,373184 —41,062464 =) 23, 31072 fU 
muſt be added to a cubic foot of firr, to immerſe 
it in ſea water. 

Ox. The difference between the ſpecific weights, 
multiplied by the cubic inches in the bady ta. be im- 
merſed, will give the additional weight. 

Thus (0,037 253—0,023763=) 0,01349X1728: 
==27,31072 5 as found before. | 


- A - — — — = —— — — 
* = — = 227 ** 4 * 3 
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Hv many folid feet of yellow' firr, Iaſt d to a brafs 
cannon of 56 C. wt. will be ſufficient to keep it affoar 
at ſea, n 


Now 56 C. wt. = 6272 1b averdupoiſe. 
And ( 6272 


0,2929832 
inches of braſs, 


=) 21047,371 are the cubic 


Hence (21047, 371 & 0,037253 =) 797,487 15 
is the weight ot a bulk of ſea water, equal to that 
of the cannon. 


Therefore (66272 — 797,4887 =) 5474, 5113 5 
of the cannon is to be buoy'd up by the firr, 


And the weight to be hu d up, divided by the dif- 
ference of the ſpecific weights, of the body which 1s 
n buoy, and the fluid in which it is ta float, will. 
give the ſolidity of the buoying body. 


That i / $47455T113 org 
That is, (=== CE gs = 4058 19,936 


cubic inches of firr will ſuſtain the cannon. 


But 4058 19, 936 cubic inches 234, 8495 ſeet 
folid. | | 


- Conſequently 12 piepes of firr timber, each of a- 
bout a foot ſquare and 20 feet long, will ſuffice to 


keep ſuch a piece of cannon aflcat in ſea water. 


Hue 


MENSUR ATION: 34% 


How thick muſt be the metal, of a concaue copper 


Zall, 6 inches in its out/1de * &s e ta fink ts 
its centre in common water 


Now (5 X 0,5235 ==) 113,697 cubic inches, 
is the ſolidity of that ſphere, 


And ( 2 50, 25458 cubic inches to be 


immerſed, 
Or cubic inches of water to be remov'd. 


Therefore (56,5488 xx 0,036169 =) 2,0453 5 
is the weight of the water diſplaced,” or the weight 
of the copper ball. £ 


0453 _ 
Conſequently (— 85317768 = 6,44867 are the 
Cubic inches of copper in that ball. 


But (5% X0,7854X4= ) 28, 2744 ſquare ken, 
I the ſuperficies of the ball. 


N 6,44 867 — 5 
Then * ce 1 0,2881 part of a linear inch, 


i the thickneſs 6 (ney) required, 


4 
0 


SCH O- 
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SCHOLIU M 


The ſolidity, or weight, of any body, ho- 
ever irregular, may be very exactly determin'd, 25 
follows. 4 

Into an uniform veſſel, (whoſe horizontal ſce- 
tions may be readily -computed;) pour ſo much 
water, as may be judg'd neceſſary to cover the 
body (whoſe ſolidity is required) when immers'd 
therein; and note the height of the fluid in the 
veſſel: Iounenſe the body, and note how high the 
fluid has ris'n : Then the ſolid content of the addi- 
tional ſpace occupied by the fluid, on account of 
the immerſed body, wil} be equal to the ſolidity of 
that body : And conſequently, its: weight is readily 


known. 


And thus, may the ſolidity of ſtatues, Cc. be 
very exactly computed. | 
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The ſollowing remarks are here added, becauſe 
they may be uſeful to ſome petſons. 


I. Of Newcaſtle coal, 60 ſolid "on are en to 
1 chaldrop, | * 


Therefore; divide the ſolid content in feet, of a 
vault, cellar, or other place by 60, and the quo- 


tient will ſhew how many chaldrons of coals that 
place will hold. 


IT. The contents of a Wi nehbefter buſhel when 


heaped, is in proportion to the contents of the JAING 
ouſhel when ſtruck, as 4 lo 3. 


Therefore the conical heap, is one third of the 
enen contents. | | 


UI. Straw is generatly fold in truſſes, each of 
36 IÞ averdupoize, and 36 truſſes make a load. 


IV. Hay is generally ſold by the load, contains 
ing 36 truſſes, each of 56 Ib, or half a hundred 


weight; ſo that a load of hay weighs 18 hundred 
weight, 2 


"Y Þ 14 


"50 r 11s” 


Truſſes of hay cut out of a * are of various 
dimenſions, according to the goodneſs of the hay, 


| and the care taken in laying it up. 


The largeſt truſſes will ſeldom exceed 14 fllid 
feet ; and the ſmalleſt will rarely give leſs than 7 
feet ſolid, and yet each of them weigh half a hun- 
dred weight. 


But upon a męan, a truſs may be reckoned at 
10 or 11 feet ſolid; and a load will contain about 
360 or 400 feet. 


In ricks of good hay, the farmers commonly 
cut their truſſes of five ſpans in length, three and 
a half ſpans in breadth, and one and a half, or 
two ſpans in thickneſs ; or try a thickneſs that will, 
with the other Bs make half a hundred 
weight. 


Hay-flacks. ſtand either on a. rectangular, or on 
a circular baſe; and are compoſed of two tapering 
ſolids; the lower one, with its leaſt end down- 
wards; and the higher one, with its leaſt end upper- 
moſt; ſo that the thickeſt part of the rick is the 
end common to both ſolids: The height of the 
lower ſolid is commonly from about 6 to 10 feet; 
and the height of the upper one, from about 24 to“ 


18 feel. 


Th 
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To find the number of loads contain'd j nga (hoe 
ÞSay-rick. . ; 


RULE. 


x Multiply twelve times the height of the lower 
ſolid, by the ſquare of half the ſum, of its Ae 
and lea diameters. | 

2. Multiply five times the height, of the upper 
ſolid, by the ſquare of its greateſt diameter. 

3. The ſum of theſe two products, multiplied 
by 654; cut of the four right-hand figures, and 
thoſe to the left-hand will be ſolid feet. 

4 The ſolid feet divided by 400, or by 369, 
will give the loads. 


EXAMPLE. 


How many loads are contained in a round hay- 
rick, whoſe lower ſolid is 8 feet high, 2.4 feet in the 
leſſer diameter, and 30 feet in the greater diameter ; ; 
and the upper folid is 20 feet high? | 


30 5225 
Add 1 24 Mul. 7 
2754 855956 
927 799920 
Na. 427 Add IS _ 959904 
189 7 69984 4,00) 10462,9530 b. fe, 
. 159984 2276, 5 loads nearly. 
729 f 
— 
4374 
651 
69984 


To 
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1 find the loads contain'd in O reflongular Jo 
ric | 


R U 1 k. 


I. In the Jower ſolid; multiply the leffer length 
by the leſſer breadth and the greater length by 
the greater breadth; add the products together, 
multiply the ſum by half the height, reſerve the 


| product. 


2. In the upper ſolid; ki the length of 
the greater end by its breadth ; divide the product 
by twelve; multiply the quotient by ſeven times 
the height; ; reſerve the product. 


2; The ſum of thele two referred duds: will 
give the number of ſolid feet; which divided by 


Coma 400, will give the loads. 
E X A MN PL E. 


* 


In a reltangular rick, the lower ſolid is 10 feet 


high, 36 feet long and 12 feet wide at the leſſer end, 
40 feet long and 18 feet wide at the greater end; 


and the upper ſolid 24 8 ert high; What is the rick 
worth at 30 ſhillings a loa a 


Mul. 
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Mal. j 37 Maul. | 4e Mal. {18 


40 

Add 432 720 12)720 
1152 N H U 1 7 77 

| 5 420 
I Mul 1420 

Add 3 5750 if prod. | 1 
1008 | | 15680 
4, 00015830 840 

39 5 loads. 10080 2d produ, 


Therefore the rick is worth 59 4. 5 1 4 


The reader muſt not expect. by theſe rules to 
compute the contents of hay- ſtacks, as accurately 
as the other ſolids in this work are computed by 
their reſpective rules; but he will by theſe means 
be able to value the ſtock of hay in ricks as nearly, 
perhaps, as by any other method; if Wu me- 
thods for theſe things be already extant, . | 


OP 2 


ES 2a Tis 


Page 33. line 7. for 93, read o, 3; p. 78. l. 23. f. 
by the root 452. r. by thrice the root 452; p. 96.1. 9. 
f. of an arc, r. of that arc; p. 102. 1. 6. f. 6. r. 16; 
p. 119. I. 9. of the work, f. 255. r. 2550; p. 121. 
nnn. 1720; p. 163. I. 7. f. A, r. 
Area; p. 165. I. 12. f. add its, r. add the ſquare of 
its; 1. 12. f. ſquare of, r. ſquare root of; p. 193. in 
the latter part of the operation, f. 7. 2. 3. r. 8. o. 7. 
for 7. 3. 9. 1, 5 53 f. 153. 7. 11, 1. 153. 7. 
2; p. 21 1. I. 6. f. greater of the hoot, r. greater hoot; 
p. 225. I. 14. f. 242, 3, T. 249,3; p. 245 l. 6. f., 5792, 
r. 3792; p. 246.1. 5. f. 3361, r. 3365 1; p. 249. 
I. 11, f. 5,7, r. 3,7; p. 262.1. 20. f. 44. r. 24; p. 
p- 263.1. 3. f. PE. r. PF; p. 281. I. laſt but two, f. 
734908, r. 7349968; p. 290. J. 7. f. d, r. X3d; p. 
294. l. 7, add Pl. IIL Fig. 12; p. 305. I. 11. f. 

72] 


2 * 
2E p. 310.1. 8. f. ſolidity, r. ſuper- 


ficies; p. 326. l. 16, f. r, r. 8 


